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Dependable tools for precision dairy tests 


KIMBLE DAIRY GLASSWARE... 
standard for a great industry 


Turse rrems of Kimble test and control glass- 
ware provide the highest accuracy . . . with 
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tested before shipment. 
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Kimble milk and cream test bottles are precisely 
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States and Canada. 
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QUALITY 


Conclusive proof that milk producers all 
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LEUCOCYTE COUNT OF HERD MILK COMPARED 
TO THE INCIDENCE OF MASTITIS 


PATRICIA MacLEOD, W. N. PLASTRIDGE, E. 0. ANDERSON, 
V. N. GULLET’, anp H. H. HALE 


Departments of Animal Industries and Animal Diseases 
Storrs Agricultural Experiment Station, Storrs, Connecticut 


Reports in the literature indicate that, in addition to infectious mastitis, 
the leucocyte count of milk may be influenced by such factors as too vigorous 
manipulation of the udder (9), incomplete and irregular milking (2, 10), 
machine milking (5), and the period within the lactation cycle (3, 4, 7). It is 
generally agreed that milk from healthy cows has on the average fewer cells 
per milliliter than has milk from infected udders. However, little work has been 
published regarding the relationship between the cell count of herd milk (as 
received for processing) and the incidence of mastitis within the herd. In order 
to study this relationship, the leucocyte counts of the milk from 31 herds were 
compared with the percentage of animals in these herds that gave evidence of 
mastitis, as determined by laboratory tests made under the Connecticut mastitis 
control program. The results of this study, which was started in 1946, are 
presented in this paper. 

METHODS 


Leucocyte counts. The milk samples on which the leucocyte counts were made 
were producer samples delivered to two large processing plants in Connecticut. 
The samples were collected once a week for 47 weeks. Films were made, stained, 
and examined according to standard procedures (1). The counts were recorded 
in millions of leucocytes per milliliter. Sixty microscopic fields on each film were 
examined, except when the number of leucocytes was large. 

Classification of animals within herds. The laboratory examinations of the 
individual cows were spaced, on the average, 2 to 3 months apart. The milk of 
each cow was examined by the routine procedures used by the Department of 
Animal Diseases of the University of Connecticut (6). In this study, the Group 
II, Group III, and Group V cows within a herd were classified as mastitis 
animals (8), and the Group I and Group IV animals were considered as healthy.” 


Received for publication February 5, 1953. 

1 Present address: 55 Branch Brook Drive, Belleville, N. J. 

? The milk from Group II cows contained more than 1,000,000 leucocytes per milliliter and 
staphylococci; that from Group III contained more than 1,000,000 leucocytes per milliliter and 
streptococci other than S. agalactiae ; that from Group V contained 500,000, or more, leucocytes 
per milliliter and S. agalactiae; that from Group I contained fewer than 1,000,000 leucocytes 
per milliliter and was free from S. agalactiae; and that of Group IV contained less than 
500,000 leucocytes per milliliter but yielded S. agalactiae on cultural examination. 
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Statistical analysis. The leucocyte counts of the herd milk samples for the 
dates just preceding and succeeding that of the state tests were averaged 
arithmetically, and the average for each herd composed the leucocyte count data 
used in the statistical computations. The percentages of mastitis animals in each 
herd at each examination were averaged arithmetically, and these represented 
the mean percentage infection in each herd over the period of study. A regression 
eurve was calculated by the method of least squares, using the mean percentage 
of herd infection as the independent variable and the average leucocyte count of 
milk of each corresponding herd as the dependent variable. The relationship of 
the average leucocyte count of milk from each herd to the mean percentage of 
mastitis animals within the herd was investigated by a simple correlation study. 

The leucocyte counts of the milk from herds containing from 1 to 20% 
infected animals (according to state tests) were divided into two groups. The 
leucocyte counts of the first group were those of milk from herds in which 8S. 
agalactiae was the sole source of infection (Group V). The leucocyte counts of 
the second group were those of milk from herds containing animals infected 
with microorganisms other tkan 8S. agalactiae (Groups II and III). The eell 
counts in each of the above mentioned groups were subdivided into those of milk 
from herds showing from 1 to 9% infection and those of milk from herds show- 
ing from 10 to 19% infection. 


RESULTS 


The mean leucocyte counts of milk from each of the 31 herds are given in 
Table 1. These are based on the averages of the two leucocyte counts of samples 
taken before and after the date of the state tests. The period of observation, 
number of state tests, average number of animals within each herd, and the mean 
percentage of infected animals within the herd also are shown in Table 1. 

The regression curve calculated by the method of least squares, using the 
data of Table 1 is shown in Figure 1. The mean leucocyte count of herd milk 
and the percentage of infection within the herd were considered as the dependent 
and independent variable, respectively. The second degree parabola fitted to the 
data has the equation Y — 0.7499 — 0.0338X + 0.0011X°, when Y is the mean 
leucocyte count of herd milk, and Y is the mean percentage of infection within 
the herd. 

When the herd infection was at the 15% level, the mean leucocyte count of 
herd milk was at its minimum point in the curve shown in Figure 1, and from 
this point on, the leucocyte counts rose steadily. This suggests that if a herd has 
less than 15% of infection, the leucocyte count of the herd milk may be affected 
primarily by factors other than the number of mastitis animals within the herd, 
e.g., the proportion of cows in early or late lactation, whereas above the 15% 
level, the percentage of herd infection may be the important factor contributing 
to the magnitude of the count. 

If the curve in Figure 1 is continued to the ordinate axis, the average leuco- 
eyte count of milk of infection free herds would appear to be approximately 
750,000 cells per milliliter. The high cell count (1,000,000 per milliliter) of the 
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TABLE 1 
Percentage of infected animals and the leucocyte count of herd milk (31 herds) 
Period of State Mean Mean Mean leucocytes 
Herd No. state tests tests cows examined cows infected cells per ml. 
(Mo.) (No.) (No.) (%) (Millions) 
1 9 + 15 8.33 0.15 
2 9 4 24 13.40 0.22 
3 6 3 26 21.79 0.29 
4 9 4 9 5.88 0.36 
5 9 + 32 7.75 0.38 
6 9 4 11 8.89 0.42 
7 9 + 15 13.10 0.42 
8 9 4 13 23.08 0.43 
9 9 4 22 18.60 0.45 
10 9 3 i9 23.21 0.49 
11 11 5 38 18.56 052 
12 9 4 26 3.81 0.54 
13 10 t 12 8.16 0.54 
14 10 4 18 18.57 0.57 
15 9 a 10 11.90 0.58 
16 10 3 16 16.67 0.59 
17 8 3 29 37.50 0.61 
18 9 4 13 26.98 0.63 
19 9 a 8 31.36 0.68 
20 11 + 38 13.70 0.70 
21 rf 3 8 17.39 0.70 
22 9 3 20 5.25 0.70 
23 9 4 12 19.15 0.77 
24 11 5 34 23.98 0.80 
25 5 3 56 24.40 0.84 
26 6 3 13 10.53 0.91 
27 8 2 14 3.17* 0.96 
2 9 3 21 52.38 1.75 
29 11 5 26 49.62 1.94 
30 6 3 19 47.37 1.97 
31 9 + 21 49.41 2.01 
Av. 3.7 20.58 20.94 0.739 


* Five of the 14 cows on the second state test were in advanced lactation (7 to 9 mo.). 


milk from herd 27, coupled with the low percentage of infection within this herd, 
undoubtedly contributed to the aforementioned high cell count for milk from 
infection-free herds. 

If the level of infection within a herd is more than 40%, the mean leucocyte 
count of the herd milk may be expected to be over 1,000,000 cells per milliliter, 
as judged from Figure 1. The mean leucocyte count of the milk from 31 herds 
during the period examined was 740,000 cells per milliliter and the standard 
deviation of these counts was 490,000. This indicates the very wide variability 
one may expect to find in the magnitude of the leucocyte counts of herd milk as 
delivered to processing plants. 

The correlation coefficient » was found to be 0.88 and the coefficient of deter- 
mination 0.78. The latter may be interpreted to mean that 78% of the variation 
in the mean leucocyte count of herd milk may be explained in terms of the mean 
percentage of infection within the herd with a 95% confidence interval of 0.94 
to 0.77. 

The means and standard errors of the leucocyte counts of milk from 25 herds 
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Fig. 1. Regression curve showing relationship of leucocyte counts of herd milk to percentage 
of infection within a herd. 


(showing 1 to 20% herd infection) are given in Table 2. Fifteen of the herds 
contained Group V but no Group II or Group III animals at the time of testing, 
and 10 herds showed infections due to organisms other than S. agalactiae. 

As shown in Table 2, in the herds included in the study, S. agalactiae 
infection was associated with higher leucocyte counts in herd milk than were 
corresponding percentages of infection with other bacteria. At the 1 to 9% level 
of herd infection the mean leucocyte count of herd milk was 640,000 per milliliter 
for S. agalactiae infected herds and 420,000 per milliliter for milk from herds 
infected with other organisms. At the 10 tu 19% level of herd infection the mean 
leucocyte counts of milk from herds infected with S. agalactiae or other etiological 
agents were 710,000 and 470,000 cells per milliliter, respectively. The ratio of 
these two sets of figures is in the first instance 1.52 and in the second instance 
1.51. These figures suggest that on the average the milk from a cow with SV. 
agalactiae mastitis will have a higher leucocyte count than one infected with 
etiological agents other than S. agalactiae. It is realized that this suggestion is 
based on the results of very limited data, and before any conclusive statement 
ean be made on this particular phase of the problem, further study will be 
necessary. Actually the difference in the cell count means of the two groups 
at the corresponding levels of infection is not statistically significant, as demon- 


TABLE 2 


Comparison of the leucocyte counts of milk from herds with S. agalactiae and non-S. agalactiae 
infections 


Mean leucocyte count (millions per ml.) Mean leucocyte count (millions per ml.) 
of milk from herds with a S. agalactiae of milk from herds with a non-S. agalactiae 
infection incidence of infection incidence of 


1 to 9% 10 to 19% 1to 9% 10 to 19% 
0.64 + 0.51 0.71 + 0.48 0.42 + 0.37 0.47 + 0.27 
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strated by the ¢ values of 1.09 (17DF) for the 1 to 9% group and 0.72 (25DF) 
for the 10 to 19% group. The fact that the differences are not statistically sig- 
nificant may be because of the limited data analyzed and the great variation in 
the counts, as shown by the standard errors of the counts in Table 2. 


SUMMARY 


The leucocyte counts of the milk from 31 herds were compared with the 
percentage of animals within these herds that gave evidence of mastitis, as 
determined by laboratory tests. 

Statistical analysis of the data collected for this study indicated that 78% 
of the variation in the average leucocyte counts of herd milk may be explained 
in terms of the percentage of mastitis animals within the herd. If the percentage 
of infected animals within a herd, as defined herein, is 40% or more, the average 
leucocyte count of the herd milk may be expected to be 1,000,000 or more leuco- 
eytes per milliliter of milk. 

In the herds included in this study S. agalactiae infection was associated with 
higher leucocyte counts in the herd milk than were the corresponding percentages 
of infection caused by organisms other than S. agalactiae. This association, how- 
ever, was not sufficiently marked to be statistically significant at the 0.05 proba- 
bility level. 
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AN EARLY-GAS DEFECT IN SWISS CHEESE 
CAUSED BY BACILLUS POLYMYXA 


R. TJEPKEMA, W. V. PRICE, anp E. M. FOSTER 


University of Wisconsin, Madison 


A large wheel of Swiss cheese made in this laboratory developed gas during 
the night on the press table. By 8:00 a.m. the morning after making, the cheese 
had swelled approximately 3 in. in the hoop. Figure 1 shows the condition of 
the wheel as it appeared at this time. Thumping of the cheese indicated a general 


Fie. 1. The defective wheel of Swiss cheese at 60 days of age. 


distribution of this hole formation throughout the cheese. The odor did not 
suggest the presence of yeasts or coliform organisms. The acidity of the interior 
of the cheese 24 hours after dipping was pH 5.6, which indicated less acid than 
normal. 

The development of gas in Swiss cheese during pressing is not an unusual 
occurrence. Several organisms have been identified in the formation of early 
gas in Swiss cheese. 

The coliform organisms have been associated frequently with the production 
of this early-gas defect (8). Lactose-fermentirg yeasts have at various times 
been involved in early-gas formation in Swiss cheese (4, 7, 12). Galesloot (5) 
showed that Betacoccus arabinosaceus and B. bovis may cause early-gas develop- 
ment. 
Beecau«e the defective wheel made in this laboratory did not seem to have the 
typi al characteristics of cheese affected with early gas, this study was initiated 
to identify the organism or organisms causing the defect. 


Received for publication May 8, 1953. 
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ISOLATION AND IDENTIFICATION OF THE ORGANISM 


Four plugs for bacteriological analysis were drawn aseptically from the 
cheese within 30 hours of the time it was placed in the brine tank. One plug 
was taken from the center of each of the four quadrants of the cheese halfway 
between the circumference and the center of the cheese. The inner 2 in. of each 
of the 4-in. plugs were placed together in a sterile mortar and triturated with 
approximately 20 ml. of sterile water. 

Dilutions of the triturated sample were prepared to cover the range of 1-1,000 
to 1-10,000,000. All dilutions were plated on nutrient milk agar (9) and on 
tryptone glucose extract agar (9), and duplicate plates were incubated aerobic- 
ally at 22, 35, and 55° C. The same scheme was followed to produce a second 
set of plates which were incubated anaerobically in duplicate at these three 
temperatures using the phosphorus jar technique. 

Approximately 90% of the colonies on the tryptone glucose extract agar 
plates, prepared from the 1-1,000,000 dilution and incubated aerobically at 35° 
C., were well developed, raised, gummy, and glistening in appearance. Organisms 
from these colonies proved to be Gram-positive to Gram-variable. They produced 
gas vigorously in lactose nutrient broth when incubated at 35° C. for 24 hours. 
Five of the colonies then were selected and plated to achieve pure cultures. The 
five pure cultures obtained showed the same characteristics as those of the previ- 
ously tested colonies. 

One of the pure cultures then was selected for characterization and identifi- 
cation by the methods described in The Manual of Methods for the Pure Culture 
Study of Bacteria (9). Its characteristics were those listed for Bacillus polymyxa 
in Bergey’s Manual of Determinative Bacteriology (1). 

Since approximately 90% of the colonies on the Petri dish cultures, prepared 
directly from the cheese, were characteristic of those actually identified as 
Bacillus polymyza, it was concluded that this lactose-fermenting, gas-forming 
organism was undoubtedly responsible for the defective cheese. An attempt was 
then made to reproduce the defect experimentally by using this isolated organism. 


REPRODUCTION OF THE EARLY-GAS DEFECT 


Selecting the milk. Milk was selected by testing that of various producers for 
the presence of organisms capable of producing acid and gas in lactose broth at 
pH 5.0. Lactose nutrient broth with brom cresol purple indicator was prepared, 
adjusted to pH 5.0, placed in Durham tubes, and sterilized. These tubes of broth 
were inoculated with 0.1 ml. of the milk to be tested and incubated for 24 hours 
at 35° C. Tubes which developed neither acid nor gas were presumed to be prac- 
tically free of Bacillus polymyza. 

The milk from the source which had provided practically all of the 2,500 Ib. 
used in making the defective cheese produced acid and gas actively when sub- 
jected to the above conditions of incubation in the Durham tubes. Altogether 
about 60% of the lots of milk examined produced acid or gas or both. Milk 
from one herd which passed this test satisfactorily was chosen for the attempt 
to reproduce the gas defect in an experimental lot of cheese. 
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Making the cheese. Three 50-lb. vats of milk were made into cheese by 
identical treatments, using the Swiss techniques. All vats received 0.16% Strepto- 
coccus thermophilus and 0.16% Lactobacillus bulgaricus which had been grown 
in milk for 16 hours. Vats A and B contained milk from the selected source that 
produced no gas in the Durham tubes under the test conditions. Vat C contained 
the gas-producing milk from the producer who had furnished most of the milk 
for the defective cheese. Vat A served as a control. Vat B was inoculated with 
10 ml. of a 24-hour broth culture of the organisms isolated from the defective 
cheese. Vat C was used to see if the defect might be associated with the suspected 
milk supply. 

Each vat of curd was dipped into a single round form and was pressed over 
night at room temperature (70° F.). The cooling rate was somewhat faster 
than the normal cooling of a larger wheel, a condition which would not have 
too serious an effect on the action of Bacillus polymyza but would delay somewhat 
the development of starter organisms. 

Results. No abnormalities appeared in any of the three vats during making or 
draining or during the early hours of pressing. All three cheeses were examined 
on the morning after making by slicing them in half. Figure 2 shows the cheese 
from vats A, B, and C, respectively. 

The control cheese from vat A had practically no holes, and those present 
were apparently of the typical, irregular shape and distribution characteristic 
of mechanical openings. Cheese from vat B, which contained the inoculation of 
the isolated organism, Bacillus polymyxa, showed the effects of vigorous gas 
development; it contained numerous gas holes of varying size from those scarcely 
visible to others approximately 1,-in. in diameter. These gas holes, many of which 
showed the typical shining interior, were distributed throughout the cheese. The 
cheese from vat C, which was made from milk from the source largely used in 
the defective wheel, showed gas holes distributed throughout the cheese. These 
holes were generally smaller and less numerous than those in the cheese made 
from the inoculated milk of vat B. Some were irregular in shape like mechanical 
openings, but many had the typical, round shape and shining interiors of the 
holes in the defective wheel of cheese. 


The organism, Bacillus polymyxa, was recovered again from the inoculated- 
milk cheese of vat B. 


PROCESSING OF DEFECTIVE CHEESE 


The possible effect of using the defective cheese in making process cheese 
seemed important enough to investigate. 

Method. The original defective wheel of Swiss was given a normal salting 
treatment and held at a temperature of 50° F. for 10 weeks before comminuting 
for processing. At that age the cheese was cut in half and photographed, as 
shown in Figure 3. During the 10 weeks no change in shape or size indicated 
any further gas development in the cheese. 

The processing was done in a small, steam-jacketed kettle with a capacity of 
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Fig. 2. Cheese at the top is from vat A, center from vat B, and bottom from vat C; vats 
A, B, and C contained normal milk, milk inoculated with Bacillus polymyxa, and milk from 
a suspected supply, respectively. The scale is inches. 


2 lb. Four 2-lb. lots of cheese were made. Each lot was heated to a different 
temperature, stirred until homogeneous and smooth, and poured into a 2-lb. 
Parakote pouch and cardboard container. The maximum temperatures used 
were 150, 160, 170, and 175° F. Holding periods at these temperatures did not 
exceed 5 minutes. To each batch were added 30 ml. of sterile water and 90 g. of 
disodium phosphate. 
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Fig. 3. A cross section of the defective Swiss cheese. 


The loaves of process cheese were incubated at 22° C. for 4 weeks and then 
were held at 35° C. for an additional 2 weeks. 

Results. None of the loaves of processed cheese showed any sign of gas pro- 
duction at the end of 4 weeks at 22° C. This result was not unexpected because 
of the temperatures for growth required by Bacillus polymyxa. Within 3 days 
after exposure to 35° C. the cheese processed at 150° F. showed swelling in the 
box and an accumulation of gas under the wrapper. Cutting this loaf in half 
revealed many gas holes. None of the other loaves showed any exterior signs 
of gas during the incubation periods, and slicing the loaves after incubation 
showed only a few gas holes in the interiors of loaves of cheese processed at 
temperatures above 150° F. 

After the periods of incubation, Bacillus polymyza could not be isolated from 
the cheese processed at any of the four temperatures used. It is possible that 
some heat-resistant, gas-forming organism caused the swelling in the package of 
cheese processed at 150° F. Other possible explanations suggest themselves, but 
all are mere speculation, since it was impossible to continue these studies with 
processed cheese at the time. 


DISCUSSION 


Bacillus polymyza is a facultative aerobe which can grow in Swiss cheese 
before it is cooled and during the salting operation. Davis (3) observed that 
changes in the oxidation-reduction potential toward the anaerobic condition in 
the interior of Cheddar cheese occur quickly from the time of manufacture until 
the end of the first day. Such changes in oxidation-reduction potential would not 
inhibit growth of Bacillus polymyza. 

Conditions for growth of Bacillus polymyxa would be particularly favorable 
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at high pH levels. The pH 5.6 of the defective Swiss wheel at 24 hours after 
dipping was high for this variety of cheese at that time. 

It is possible that Bacillus polymyza is involved in similar defects which have 
been observed in cheese made in this laboratory and elsewhere in Wisconsin. 
Such gassy defects have occurred in Cheddar cheese with high pH, and in Brick 
cheese. The characteristics of the defects in these varieties of cheese, such as 
time of development, appearance and distribution of holes, lack of objectionable 
odor, and vigor of development, all strongly suggest the possibility of a common 
cause. 

The feeding of grass silage has been associated with gassy defects in cheese 
(2). The aerobacillus group of organisms occurs in large numbers in grass silage. 
These organisms also occur in fairly large numbers in cow and horse feces, 
sewage, water, and other places (6, 11). Comparison of numbers of these organ- 
isms in the rumen contents and the feces of cows has shown a ten to one-hundred- 
fold increase upon passage through the intestinal tract of the cow (10). Because 
they require higher temperatures for growth, there is zenerally little increase in 
numbers of cells in farm-cooled milk before it is delivered at the dairy plant. 

The facts that Bacillus polymyzxa has been identified in Swiss cheese and that 
it may be encountered in other varieties of cheese suggest that manufacturers 
of ripened types of cheese should be alert to this danger. 

Practical methods of factory control must vary somewhat with the critical 
requirements of the type of cheese; they seem at this time to be: (a) to use the 
methylene blue test to screen out milk of inferior quality in order to eliminate the 
hazard of gross contamination; (b) to develop the full limit of acidity or cer- 
tainly to avoid low-acid development in the making process and in the finished 
cheese; (c) to use the maximum amount of salt; and (d) to maintain the cheese 
at the lowest possible temperatures, especially during the first few hours after 
making. Laboratory methods of detecting the presence of the specific organisms 
in the milk supply or on the factory equipment are still not available for factory 
use. 

CONCLUSIONS 


An organism causing early-gas defect in Swiss cheese was isolated and char- 
acterized as Bacillus polymyxa. A pure culture of the isolated organism was 
used to inoculate a small quantity of selected milk which was made into cheese 
by the Swiss process; this cheese showed early gas apparent!y identical to that 
in the original defective cheese; identical milk made into cheese without such 
inoculation showed no gas. The organism was recovered from the inoculated 
cheese. 

After 214 months curing at 50° F., a part of the defective cheese was pro- 
cessed with temperatures of heating ranging from 150 to 175° F. Bacillus poly- 
myzxa could not be isolated from this processed cheese. 
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THE EFFECT OF FEEDING CONCENTRATES WITH DIFFERENT 
DEGREES OF FINENESS AND WATER CONTENTS ON THE 
EATING AND MILKING TIMES IN DAIRY CATTLE! 


H. L. DALTON,’ C. F. HUFFMAN, anp N. P. RALSTON 
Department of Dairy 
Michigan Agricultural Experiment Station, Kast Lansing 


High-producing cows lack sufficient time to consume the necessary amount 
of grain to meet nutrient requirements in the time usually allowed when milking 
room procedures are used. Practices which might increase the rate of eating 
need to be developed. If the physiological and/or physical factors affecting con- 
centrate consumption rates of cattle were known, the problem would be simplied. 

The physical nature (fineness of grind) appears to affect concentrate con- 
sumption rate. Schalk and Amadon (3), using dairy cows, found the following 
lengths of time were required for the consumption of 1 lb. portions of the 
various feeds: whole oats, 2 minutes; corn on the cob, 5.6 minutes; ground 
grain, 4.7 minutes; and hay, 5 minutes. Harshbarger (1) reported that the time 
required to consume 1 lb. of different feeds was as follows: ground grain, 2 to 
3 minutes; corn silage, 1.75 to 2.75 minutes; and hay, 7 to 16 minutes. Kick et al. 
(2) found that steers fed shelled corn with a modulus of 6.01 and a protein 
supplement with a modulus of 2.01 required 117 to 185 chews per pound of feed 
before swallowing. When ground corn with a modulus of 3.56 and a protein 
supplement with a modulus of 2.01 were fed, 159 to 348 chews per pound of 
feed were required before swallowing. When shelled corn was fed, prehension 
was rapid and the corn was swallowed as soon as it was sufficiently covered with 
saliva to allow easy deglutition. 

This present experiment had three objectives: (a) to further determine the 
effect of fine, medium, and coarse grind of grain on concentrate eating time, 
(b) to determine the effect on eating time of adding different amounts of water 
to the grain, and (c) to determine whether either of the above situations affected 
milking. 


EXPERIMENTAL 


The cows were housed in a pen-type barn and milked in a U-shaped, four-stall 
milking room. The animals had free access to hay and either corn or grass silage. 
The concentrate mixture was composed of 50 parts shelled corn, 20 parts of 
oats, 10 parts of rye, 20 parts of soybean oil meal, and 1 part salt. This grain was 
ground in a Jay Bee Humdinger hammer mill using the following screen sizes: 
1/16 in. (fine), 1/8 in. (medium), 5/16 in. (coarse), and solvent extracted soy- 
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bean oil meal then was mixed with it. The concentrate mixture was measured into 
the manger by means of a standardized auger with a capacity of 2 lb. of concen- 
trate for each turn. Water then was added. The concentrate and water were mixed 
by hand immediately if required to make a uniform mixture. 

A ‘‘Chore Boy’’ combine milking machine operating at 42 pulsations per min- 
ute and with a vacuum of 11 in. of mereury was used during both trials. Prelimi- 
nary observations showed that let-down of milk occurred about 2 minutes after the 
cows were stimulated by washing their udders with water at 125 to 132° F. 
During each trial, with the exception of the final 2 weeks of the second trial 
when flannel cloths were used, the cows were washed with paper towels. The 
operator machine stripped by massaging the udders by hand during the last 
of the milking process. 

The cows were fed grain, and the teat cups were put on 2 minutes after 
udder stimulation. This time was recorded. The time was again recorded when 
the cow completed eating the concentrate. When a cow did not eat all of the al- 
lotted feed, the amount remaining in the manger was weighed and the eating time 
was calculated on the basis of the amount actually consumed. Since the average 
pounds of grain consumed and the average eating time per cow were determined, 
concentrate consumption rate was calculated (minutes per pound). The manner 
in which the cows ate the grain with different amounts of water also was ob- 
served. The average milking time per cow and the average yield of milk per 
eow were recorded, and the milking rate was calculated (pounds per minute). 
If a cow did not eat, the data for that milking were not included in the 3-day 
average. 

The first trial extended from January 8 to March 1, 1952. Twelve Brown 
Swiss cows were used. An air-dry medium grind concentrate was fed for a 12-day 
period as a control. Each of the three degrees of fineness at each of the water-to- 
concentrate ratios was fed for a 3-day period. One day elapsed between each 3-day 
period to permit clearance of residual feed of the fineness of grind previously 
used. Sixty-two to 72 observations were made for each water-to-concentrate 
ratio studied. 

The second trial was conducted from April 15 to June 3, 1952. Eleven Brown 
Swiss and two Holstein cows were used. Ten of the Brown Swiss cows used in 
Trial I also were used in Trial II. The two Holstein cows were removed from the 
experiment 2 weeks prior to its conclusion because of circumstances beyond con- 
trol. While the cows were on pasture, the control period of Trial II consisted of 
6 days feeding of the coarsely ground concentrate. Fifty-four to 108 observations 
were made for each water-to-concentrate ratio studied. 


RESULTS 


Trial I. The time required to consume 1 lb. of grain decreased as the ratio of 
water-to-concentrate increased (Table 1). When 1.5 lb. of water was added per 
pound of coarsely ground concentrate, all the water was not absorbed. 

The degree of hunger for concentrates of individual cows and even of the 
whole herd caused great variation in eating times. The degree of hunger appeared 
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to be markedly affected by the time of day at which the cows ate hay from their 
self-feeding manger. The cows which were observed to be eating hay just prior 
to being milked ate their grain much slower than other cows at the same milking. 
The concentrate eating time was reduced 39% on one occasion when all the cows 
were confined in the lounging area away from the hay manger to permit cleaning 
of the exercise lot. 

The cows did not pick up the concentrate with their mouths but with their 
tongues when air-dry concentrates were consumed. The tongue was placed in 
the feed and the amount that adhered to the tongue was drawn into the mouth. 

When 0.5 lb. of water was added per pound of concentrate, the mixture was 
sticky and tended to form balls. The cows used their tongues to pull the feed into 
their mouths. They appeared to get more grain in their mouths when the feed 
was partially moistened and sticky. 

The eating time was further decreased when the ratio of water-to-concentrate 
was increased to 1:1. The cows used a different method of prehension regardless 
of the fineness of grind. When the concentrate was completely wetted, the cows 
put their mouths into the feed and swallowed the amount which was enclosed in 
the mouth each time it was opened and closed. The movement of the jaws, how- 
ever, was not as rapid as observed in the previous ratios of water to concentrate. 

When 1.5 lb. of water was added per pound of feed, the finely ground con- 
centrate was slurry and the coarser concentrates were extremely slurry. The cows 
drank these concentrates and then used their tongues to clean the mangers. Very 
little jaw movement was noted until the last of the grain had been consumed. 

The faster the cows ate their grain, the faster they milked out. The rela- 
tionship was not directly proportional but followed the same pattern throughout 


TABLE 1 
Concentrate consumption rate and milking rate of dairy cows 
as affected by feeding concentrates with varying 
degrees of fineness and with varying water-to-concentrate ratios (Trial I) 


Cone. consumption 


rate Milking rate 
Fineness Water-to Time to Decrease Time to Decrease 
of cone. consume from milk from 
grind ratio 1 Ib. air-dry“ 1 Ib. air-dry* Observations 
(lb. water/ (min. ) (min.) (%) (No.) 
lb. cone.) 

Fine air-dry 1.95 oe 0.53 — 66 
(1/16” 0.5 1.69 13 0.47 11 62 
sereen ) 1.0 1.10 44 0.45 15 62 

1.5 0.69 65 0.43 19 72 
Medium air-dry 1.90 — 0.54 — 72 
(1/8” 0.5 1.65 13 0.46 15 72 
screen ) 1.9 1.00 47 0.43 20 72 
1.5 0.91 52 0.41 24 72 
Coarse air-dry 1.70 0.45 70 
(5/16” 0.5 1.24 27 0.45 0 68 
screen ) 1.0 0.85 50 0.41 9 72 
1.5 0.61 64 0.39 13 72 


* The air-dry concentrate was used as control for each degree of fineness. 
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the period of feeding of each fineness of grind and each series of changes of 
water-to-concentrate ratios. When air-dry coarsely ground concentrates were 
fed at a ratio of 0.5 lb. of water per pound of grain, the milking rate was not 
altered much from the control. The largest decrease in eating time and milking 
time in all instances oceurred when 1.5 lb. of water was added per pound of 
concentrate. 

The cows which ate their grain slowly had the slowest milking rates. On one 
occasion when the whole herd was fastened in the lounging area, the milking rate 
was deereased by 13% as compared to the previous morning’s milking. 

Trial II. The results of the second trial are summarized in Table 2. The data 
show the same general trend as in Trial I in that the concentrate consumption 
rate decreased when the ratio of water-to-concentrate increased. The milking 
rate also showed the same general pattern in that as the concentrate consumption 
rate decreased, the milking rate decreased. 

During the latter half of Trial Il, when the cows were on pasture, as the 
ratio of water-to-concentrate increased, the time to consume 1 lb. of feed was de- 
creased markedly. The time to consume air-dry medium and coarsely ground con- 
centrates and the milking rate were much slower than in the control period 


TABLE 2 


Concentrate consumption rates and milking cates of dairy cows with 
and without pasture as affected by feeding concentrates 
with varying degrees of fineness and with varying 
water-to-concentrate ratios (Trial II) 


Cone. consumption 


rate Milking rate 
Fineness Water-to Time to Decrease Time to Decrease 
of cone. consume from milk from 
grind ratio 1 lb. air-dry * 1 lb. air-dry“ Observations 
(lb. water/ (min. ) (%) (min. ) (Te) (No.) 
lb. cone.) 
Barn Feeding 
Fine air-dry 1.61 —_ 0.43 — 62 
(1/16” 0.5 1.33 17 0.42 2 66 
sereen ) 
Medium air-dry 1.54 _- 0.44 — 66 
(1/8” 0.5 1.22 21 0.36 18 66 
screen) 1.0 0.77 50 0.31 30 66 
1.5 0.69 55 0.35 20 66 
Pasture Feeding 
Fine 1.0 1.23 24 0.33 25 66 
(1/16” 1.5 1.09 32 0.32 26 66 
sereen ) 
Medium air-dry 2.41 = 0.42 = 108 
(1/8” 1.5 0.70 71 0.32 29 54 
screen) 
Coarse air-dry 2.51 mo 0.41 — 56 
(5/16” 0.5 1.73 31 0.39 5 66 
screen ) 1.0 1.22 51 0.35 15 66 
1.5 0.77 69 0.26 37 54 


* The air-dry concentrate was used as control for each degree of fineness. 
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during barn feeding. When the air-dry medium-grind feed and the water-to-con- 
centrate ratio of 1.5 were used, the milking rate did not show the expected de- 
erease from the control. A relief milker, unfamiliar with the routine, obtained 
8.4% less milk than in the previous 3-day period. 


DISCUSSION 


As shown in Tables 1 and 2, there was a decrease in the concentrate consump- 
tion rate as the ratio of water-to-concentrate increased at all degrees of fineness of 
the concentrate. The higher moisture concentrates appeared to be retained in the 
mouth for shorter periods of time. This may have been due to the ease of insali- 
vation of high moisture concentrates; Kick et al. (2) observed a more rapid 
deglutition of whole corn grain as compared to ground cori as the result of more 
difficult insalivation of the ground corn. 

The method of eating was changed considerably as the amount of water-to- 
concentrate was increased. The tongue was placed in the air-dry concentrate and 
the amount that adhered to the tongue was drawn into the mouth. The cows 
used their tongues to pull the sticky concentrate into their mouths when 0.5 lb. 
of water was added per pound of concentrate. Concentrates with a water-to-con- 
centrate ratio of 1:1 were completely wetted, and the cows put their mouths 
into the feed and swallowed the amount taken into their mouths. The cows drank 
the slurry concentrates (water-to-concentrate ratio of 1:5) and used their 
tongues to clean the manger. 

Whenever cows failed to eat any feed while they were being milked, milking 
required much longer on a per pound basis than it did when they ate their feed 
with relish. The decreased milking rate appeared to be associated with a de- 
creased concentrate consumption rate. This relationship may have been the 
result of a conditioned reflex and/or an increased feeling of satisfaction associated 
with the ease of eating (psychosomatic response). As concentrates were fed at 
the time milking began, this may have contributed further to the let-down of 
milk. The cows appeared to be more relaxed when they ate concentrates fast. 

The results of the second trial when the cows were on pasture agree in 
general with those of the ‘irst trial. Concentrate consumption time was longest 
on pasture. Probably, because of the quality of the pasture, the cows were not 
as hungry when they came to the milking room. 


SUMMARY 


Two trials were conducted to determine the effects of finely, medium, and 
coarsely ground grain (1/16, 1/8, and 5/16 in. screens) and four different water- 
to-concentrate ratios (air-dry, 0.5, 1.0, and 1.5 lb. of water per pound of con- 
centrate) on the concentrate consumption rate and milking rate of dairy cows. 
Twelve Brown Swiss cows were used in Trial I under pen-type barn feeding 
conditions. Eleven Brown Swiss and two Holstein cows were used in Trial II 
to study the effects both during barn feeding and when the cows were on 
pasture. 
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The data show that as the ratio of water-to-concentrate increased, there was a 
decrease in eating time. These results have been explained on the basis of changes 
in the methods of eating concentrates with different water-to-concentrate ratios. 
There was no significant change in the eating time for the three degrees of 
tineness. The cows ate air-dry concentrate more slowly when on good pasture 
than under barn feeding conditions. 

As the concentrate consumption rate decreased, there was a corresponding 
but not directly proportional decrease in milking rate. The proportional change 
was similar for each water-to-concentrate ratio. 
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THE ACTION OF MICROORGANISMS ON FATS. IL. 
SOME CHARACTERISTICS OF THE LIPASE SYSTEM OF 
PENICILLIUM ROQUEFORTI' 


H. A. MORRIS anv J. J. JEZESKTI 
Department of Dairy Husbandry 
University of Minnesota, St. Paul 


A knowledge of the lipase system of Penicillium roqueforti is of value in 
understanding and controlling Blue cheese ripening, since the distinctive flavor 
of this cheese, for the most part, results from the hydrolysis of cheese fat by 
this mold (2, 5, 15). 

The literature on the characteristics of the lipase system of P. roqueforti as 
influenced by temperature, pH, type of substrate and sodium chloride concen- 
tration presents somewhat conflicting and inadequate data. Fodor and Chari (3) 
reported activities for a mycelial preparation at two temperatures: 30 and 38° C. 
The rate of lipolysis after 48 hours at these temperatures was variable, depending 
on the substrate used. Shipe (14) studied the activity of a culture medium 
preparation at 25, 30, and 40° C. The optimum temperature was found to be 
between 30 and 35° C. for a reaction time of 2 hours. 

According to Thibodeau and Macy (16), the pH optimum of their mycelial 
preparation was between pH 5.3 and 7.5, and activity was observed over a wide 
pH range in the presence of acetate buffer when the substrate was a 3% butterfat 
emulsion. Fodor and Chari (3) claimed that optimum lipolytic activity of the 
mycelial preparation was at pH 6.5 when the reaction was carried out in phos- 
phate buffer at 38° C. using monobutyrin, methyl butyrate, and olive oil as 
substrates. However, they presented data on activities at only three pH values: 
6.5, 7.0, and 8.0. On the other hand, the culture media from which mycelia were 
harvested showed lipase activity at pH 8.3, but not at pH 7.0 and 6.5. Shipe (14) 
concluded that the optimum for the lipase in the culture medium was pH 5.0. 

The data of Fodor and Chari (3) indicate possible differences between the 
mycelial and medium enzyme preparations with respect to substrate specificity. 
Monobutyrin apparently was hydrolyzed more readily by the mycelial prepara- 
tion than were olive oil or methyl butyrate. With the culture medium greater 
hydrolysis was obtained on olive oil and least activity on methyl butyrate. 

Shipe (14) determined the relative rates of hydrolysis of tributyrin, tricapry- 
lin, and triolein using an unconcentrated medium preparation at 25° C. in aniline 
hydrochloride buffer. The greatest activity was observed on tributyrin and the 
least on triolein. Using a concentrated medium preparation at 30° C., activity 
was greatest on tributyrin with the activities on tricaproin, tricaprylin, and 
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tripropionin decreasing in that order. Triacetin was not attacked during the 
6-hour incubation period. 

The data of Thibodeau and Macey (16) obtained with a mycelial preparation 
on butterfat in acetate buffer initially at pH 6.5 indicate a decrease in lipolytic 
activity if the reaction mixture contains above 6% sodium chloride. They con- 
cluded that sodium chloride, in concentrations such as those existing in Blue 
cheese (4 to 6%) does not retard the action of the lipase of P. roqueforti. 

The study reported here was initiated for the purpose of investigating more 
thoroughly the effects of temperature, pH, type of substrate, and sodium chloride 
concentration on the activity of the lipase system of P. roqueforti. 


EXPERIMENTAL MATERIALS AND METHODS 


Culture. Minnesota culture P-108-2, a strain regularly used in cheese manu- 
facture, was obtained from the Dairy Bacteriology laboratory, University of 
Minnesota. 

Medium. The media used by others to obtain maximum lipase activity were 
tried. The medium that produced the best growth was one developed by Thibo- 
deau and Maey (16) —Czapek’s solution minus the sucrose and to which was 
added 3 g. peptone and 3 g. butterfat per liter. The fat was emulsified into the 
culture medium by means of a hand homogenizer, using 0.5% gum acacia (USP 
grade) to help stabilize the emulsion. This medium had a reaction of pH 7.0. 

Enzyme preparations. The mold was cultured and harvested after the manner 
of Thibodeau and Macey (16). The mycelial mats were processed in two different 
ways: (a) They were freeze-dried in the apparatus described by Nickerson et al. 
(11), triturated into a powder and held at 1° C. in a desiccator over CaCl, until 
ready for use. (b) The mats of mycelia were mixed and then frozen. They were 
held frozen at —-29° C. until ready for use, at which time 1 g. of mycelia was 
homogenized with 9 ml. of distilled water in an Elvehjem-Potter homogenizer 
(12). 

The medium likewise was made into two preparations during the study. 
(a) The filtered medium was freeze-dried, and the resulting powder was held 
cold and dry in a desiccator over CaCl... (b) The filtered medium was concen- 
trated by fractionally freezing out the water. It was concentrated to a ratio of 
ahout 3:1 (4% solids final concentration). These preparations were termed 
medium preparations. 

Generally, 10 mg. of dried mycelia were comparable in lipolytic activity to 
0.1 ml. of mycelial homogenate, and 50 mg. of freeze-dried medium were com- 
parable to 1 ml. of medium concentrate. The dried preparations were used for 
the initial work and for part of the temperature study. The other preparations 
were used for the remainder of the studies. 

Reaction mixtures. The reaction mixtures were: (a) 10 mg. or 0.1 ml. of 
mycelial preparations or 50 mg. of freeze-dried medium preparation and 10 ml. 
of substrate mixture. The substrate mixture was composed of buffer ard 1.0 mM 
of pure substrate or 5% butterfat and at times 0.5% gum acacia. (b) A total of 


ACTION OF MICROORGANISMS ON FATS 1287 


11 ml., which included 1 ml. of medium concentrate and 10 ml. of the above sub- 
strate mixture. (c) With the electrometric titrations, the amounts of enzyme 
preparations and substrate preparations given in a and b above were doubled. 
Distilled water was used instead of buffer. These preparations were made up 
fresh for each experiment. 

Methods of determining lipase activity. The reaction mixture was titrated 
with alcoholic KOH after the addition of 50 ml. of a 1:1 solution of ethyl alcohol 
and ethy] ether and 0.5 ml. alcoholic phenolphthalein (1% ) according to the meth- 
od employed by Thibodeau and Macy (16). Blanks were treated in the same man- 
ner and were of the same composition as the reacting mixture except that the en- 
zyme preparation was added after the alcohol and ether at the end of the reaction 
period. Some blanks were the same as the reaction mixture except that boiled 
enzyme was substituted for the unheated enzyme preparation. All blanks were 
incubated the same length of time as the reaction mixture. The mixed indicator 
of Kleinzeller and Trim (8) was used for values above pH 7.5 in the pH experi- 
ments. 

An electrometric titration method similar to the one used by Rona and Ammon 
(13) was also used. The pH was maintained constant in the reaction mixture 
by the addition of small amounts of V/10 or N/20 NaOH. The accumulated time 
and amount of alkali used were recorded periodically. The pH was measured 
by means of a Beckman glass electrode pH meter, model H2. Blanks were run 
on the reaction mixture plus boiled enzyme. The formol titration method em- 
ployed by Fodor and Chari (3) was used in conjunction with the pH study. 

For most experiments the reaction time was 1 hour and the temperature was 
30° C. The final pH values were determined to check on buffer capacity. In the 
experiments involving the effect of temperature, the pH was maintained with 
0.1 M acetate buffer at pH 5.0. Since the pH of Blue cheese is at or near an 
average of pH 5.0 to 5.5 (1, 10) during curing, acetate buffer at pH 5.2 was 
selected for substrate specificity experiments and the study of the effect of NaCl 
on the lipase system. 

Enzymatic activity was expressed as the differences in milliliters of N/10 or 
N/20 alkali between the titration values of the blanks and those of the reaction 
mixture. Determinations generally were made in duplicate. Relative activity 
was expressed as per cent of a common value or as per cent of the maximum value 
obtained. 

Buffers. The buffers used were acetate (6), phosphate (4), and Mellvaine’s 
citrate-phosphate buffer (9). The strength of the buffers was adjusted to mini- 
mize any drift of pH during the reaction period. ; 

Substrates. The butterfat used was obtained by churning fresh cream, melt- 
ing the butter obtained, decanting the oil from the curd, and removing the 
moisture by heating. In the substrate specificity work the saponification equiva- 
lent of about 759 (253 & 3) was taken as the approximate molecular weight of 
the butterfat (7). 


All of the synthetic substrates, except triolein, were obtained from the Distilla- 
tion Products Industries, Rochester, New York, and all were U.S.P. grade, except 
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ethyl caproate, which was technical grade. The triolein (saponification equivalent 
293.5) was procured from the Hormel Institute, University of Minnesota, Austin. 
These substrates were used without being subjected to any further purification. 
treatment. The insoluble substrates were suspended in the buffer or distilled 
water by passing through a hand homogenizer four times. This emulsion was 
stable during the period of the experiment. At times, especially with the more 
insoluble substrates, 0.5% gum acacia was added to help stabilize the emulsion. 
The majority of the globules in these emulsions were in the neighborhood of 10 » 
with many much smaller. 

Experimental conditions were designed so that enzymatic activity was pro- 
portional to enzyme concentration in all cases. For example, reaction rates 
remained constant over a 3.5-hour period. As the amount of enzyme preparation 
was increased, the amount of acid liberated increased in proportion. It was 
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Fig. 1. The effect of temperature on the lipolytic activity of the mycelial homogenate 
and medium concentrate preparations acting on butterfat and tributyrin substrates. 
Time 1 hr. pH—5.0 maintained with 0.1 M acetate buffer 
Mycelial homogenate acting on tributyrin 
Medium concentrate acting on tributyrin 
Myeelial homogenate acting on butterfat 
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determined experimentally that the substrates were always in excess for the 
quantity of enzyme preparations used. Other considerations that were met in 
order to obtain reliable data were: absence of a preservative in the reaction 
mixture, minimum effects of bacterial action (short reaction period), and little 
or no change in pH during the reaction. 


RESULTS 


The effect of temperature on lipase activity. The data plotted in Figure 1 
present the effect of temperature on the lipolytic activity of both enzyme prepara- 
tions acting on tributyrin and butterfat and indicate that the temperature opti- 
mum was about 30 to 32° C. A series of other trials gave similar results. The 
temperature activity curves are similar for both preparations on butterfat, but 
not on tributyrin. The reason for the broad temperature optimum range with 
the medium preparation acting on tributyrin and the reason for the sharply 
peaked curve obtained with the mycelial homogenate on tributyrin are unex- 
plained. At lower temperatures an increase in temperature increased the rate of 
hydrolysis markedly. At higher temperatures the rate of temperature inactiva- 
tion of the enzyme increased and the rate of hydrolysis of the substrate conse- 
quently decreased, resulting in a sharp falling off of activity at temperatures 
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Fig. 2. The effect of pH on the relative lipolytic activity of the mycelial homogenate on 
tributyrin at 30° C. 

1. Titration method—electrometric, time—30 min., substrate preparation—2.0 mM tribu- 
tyrin, 0.56% gum acacia made up to 20 ml. with distilled water. 

2. Titration method—Thibodeau and Macy (16), time—1 hr., substrate preparation—1.0 
mM tributyrin, 0.5% gum acacia made up to 10 ml. with double strength McIlvaine’s buffer. 

3. Titration method—Thibodeau and Macy (16), time—1 hr., substrate preparation—1.0 
mM tributyrin made up to 10 ml. with double strength MeclIlvaine’s buffer. 
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Fig. 3. The effect of pH on the relative lipolytic activity of the medium concentrate (1 ml.) 
on tributyrin at 30°C. 

1. Titration method—electrometric, time—45 min., substrate preparation—2.2 mM tribu- 
tyrin, 0.5% gum acacia made up to 20 ml. with distilled water. 

2. Titration method—-Fodor and Chari (3), time—1 hr., substrate preparation—l.1 mM 
tributyrin, 0.5% gum acacia made up to 10 ml. with MelIlvaine’s standard buffer. 

3. Titration method—Fodor and Chari (3), time—1 hr., substrate preparation—1l.1 mM 
tributyrin made up to 10 ml. with MelIlvaine’s standard buffer. 


above the optimum. It is evident that there would be very little activity above 
45° C. 

The effect of pH on lipase activity. The effect of variations in pH on the 
activity of the lipase system is presented in Figures 2, 3 and 4. Instead of 
representing the pH-activity curves as lines of average values, zones were con- 
structed by drawing lines of best fit showing variations in the data obtained 
between individual trials or in pH maintained in the reaction vessel, or both, 
in order to present a clearer picture of the effeet of pH. 

The pH optimum of the mycelial homogenate acting on tribatyrin was pH 
6.3 in the absence of buffer as determined electrometrically (Figure 2). With 
gum acacia the optimum was pH 6.0 and without gum it was 6.25 to 6.45. A 
broad pH-activity curve was obtained with the electrometric titration method 
in the absence of buffer. Sharp peaks were obtained in the presence of buffer 
(Curves 2 and 3 of Figure 2). The differences in the shape of the pH-activity 
curves in the presence and absence of buffer were due probably to the cffect of 
the buffer on the system. Also, in the presence of buffers a constant ionic strength 
was maintained which was not the case with the electrometric titration. The 
constant addition of alkali to maintain the pH relatively constant gradually 
increased both the ionic strength and the buffering capacity of the system. In 
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Fic. 4. The effect of pH on the relative lipolytic activity of the medium concentrate on 
butterfat at 30°C. 

Titrations method — Fodor and Chari (3), time — 2 hr. 

Substrate preparations: 
1. Butterfat (5% of total reaction mixture), 0.56% gum acacia made up to 10 ml., with 
one-half strength MelIlvaine’s buffer. 
2. Butterfat (5% of total reaction mixture), 0.5% gum acacia made up to 10 ml. with 
Mellvaine’s standard buffer. 


addition, in the presence of buffer, pH varied slowly and constantly in a given 
direction, if at all, whereas in the absence of buffer there were sudden chauges 
and rapid fluctuations within a narrow range. 

The phenolphthalein end point was difficult to detect during the titration 
of the reaction mixture in alcohol and ether because of the insolubility of the 
phosphate-citrate buffer. Therefore, the formol titration used by Fodor and 
Chari (3) was employed in the remainder of the studies with this buffer. 

When the medium concentrate was tested on tributyrin in the absence of 
buffer, the pH-activity curve as determined by electrometric titration was broad 
with the maximum activity at about pH 7.5 (Figure 3). In contrast to this, 
Curves 2 and 3 obtained in the presence of MelIlvaine’s buffer have sharp peaks 
of activity as influenced by pH with the activity diminishing rapidly on both 
sides of the optimum. With gum acacia as an emulsifier (Curve 2) the pH 
optimum was about 7.65. Without gum acacie the pH optimum was 7.0. 

There seems to be a difference between the two “nzyme preparations based on 
pH optima on tributyrin. When the electrometric titration method was used, the 
pH optimum for the mycelial preparation was 6.3 and for the medium prepa- 
ration it was 7.5. 

Data representing the lipolytic activity of the medium concentrate on butter- 
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fat are presented in Figure 4. With a more concentrated buffer and in the absence 
of gum, the pH-activity curve was characterized by a sharp peak at pH 6.5. 
With a less concentrated buffer, the pH optimum was about 6.75. The data 
plotted in Curve 2 are single determinations; therefore, no range is presented. 
The inereased ionic strength of the buffer used may have decreased the pH 
optimum. 

The effect of pH on the lipolytic activity of the mycelial homogenate on 
butterfat was determined also. The experimental conditions were the same as 
for Curve 1 of Figure 4. The results were similar. The pH optimum was 
7.0 to 7.2 under the conditions of this experiment. 


TABLE 1 
Comparative activity of mycelial homogenate on tributyrin and ethyl butyrate 
Substrate Reaction mixture Blank Av. activity 
(ml. N/10 KOH) 

Tributyrin 4.86 1.61 3.24 
4.82 1.59 

Ethyl butyrate 1.74 1.48 0.22 
1.66 1.47 

Time — 1 hr. Substrate preparation: 

Temp. — 23° C. 1.0 mM substrate made up to 10 ml. 

pH — 5.2 with 0.1 M acetate buffer. 


Relative substrate specificity. The mycelial homogenate was tested on tribu- 
tyrin and ethyl butyrate to determine whether the enzyme system was a lipase 
or an esterase system. The results are presented in Table 1. The data indicate that 
a lipase system was involved, since the enzyme system was about 15 times as 
active on tributyrin as it was on ethyl butyrate. Apparently, it is not a question 
of the amount of ester linkages present, since, if it were, the activity on tributyrin 
probably would approximate three times that on ethyl butyrate. 

Data representing the activity of the mycelial homogenate on a series of 
ethyl esters of fatty acids are plotted in Figure 5. There was at least twice the 
activity on ethyl butyrate as compared to all other esters except ethyl caprylate. 
It is apparent that as the molecular weight of these esters increased, the rate at 
which they were attacked decreased, but the decrease was not proportional to 
the molecular weight. No activity was observed on ethyl acetate. The purity of 
ethyl caproate was questionable since it was technical grade. This may be the 
reason for the lower activity of the enzyme preparation on ethyl caproate as 
compared to ethyl caprylate. 

Figure 6 presents the relative activity as a function of the type of triglyceride 
used as substrate. It is evident that the activity on tributyrin was much greater 
than any of the other substrates. The activity on monobutyrin was only about 
13% of the activity on tributyrin. Butterfat also was used as a substrate in these 
experiments. The activity on butterfat was about 37% that of the activity on 
tributyrin. A similar relationship was obtained with the triglycerides as was 
secured with the ethyl esters. In both cases it may be noted that the activity was 
lower on esters containing caproic acid than on those containing caprylie acid. 
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Fig. 5. The relative hydrolytie aetivity of the mycelial homogenate on ethyl esters of 
saturated fatty acids. 


Time — 1 hr. Substrate preparation: 
Temp. — 30°C. 1.0 mM of the ester made up to 10 ml. 
pH — 5.2 with 0.1 M acetate buffer. 


The differences between the ethyl caproate and ethyl caprylate (Figure 5) seem 
to be real, because similar differences were obtained using triglycerides of U.S.P. 
purity. 

The low value for activity on monobutyrin compared to tributyrin possibly 
may have been due to the differences in the number of ester linkages present. 
An experiment was set up so that the total number of ester linkages was the 
same when using tri- and monobutyrin as substrates; that is 1.0 mM tributyrin 
and 3.0 mJ monobutyrin were used. The activities were 4.2 ml. N/10 KOH on 
tributyrin and 0.84 ml. V/10 KOH on monobutyrin. Therefore, increasing the 
amount of monobutyrin did not proportionately increase the rate of lipolysis. 
This indicates that the monobutyrin was essentially in excess when 1.0 mM was 
used per 10 ml. of substrate preparation and that the comparative rates were not 
due to the concentration of ester linkages present. 


The relative activity of the concentrated medium on various triglycerides was 
similar to that of the mycelial homogenate. 

The ability of an enzyme to attack a mixture of simple triglycerides or a 
mixture of mixed triglycerides is of practical importance from the standpoint 
of cheese ripening. Therefore, the activities of the mycelial homogenate were 
determined on butterfat and on a mixture of simple triglycrides. The mixture 
contained approximately proportionate (molar) concentrations of the various 
fatty acids as butterfat (7). Triolein was the only unsaturated triglyceride used, 
and there was no tricaprin present. Tricaprylin was used instead of tricaprin 
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Fig. 6. The relative lipolytic activity of the mycelial homogenate on various triglycerides. 
Time — 1 hr. Substrate preparation: 
Temp. — 30°C. 1.0 mM triglyceride made up to 10 ml. 
pH — 5.2 with 0.1 M acetate buffer. 


on the same molar basis because tricaprin was not available. The physical prop- 
erties of the ‘‘synthetic butterfat’’ were somewhat similar to those of butterfat. 
The results of this comparison are presented in Table 2. The lipase system was 
more active on the triglyceride mixture than it was on butterfat. The presence 
of the easily hydrolyzed tributyrin in the ‘‘synthetie butterfat’’ may explain the 
higher activity on the mixture of simple triglycerides. Also, some of the lower 
molecular weight fatty acids in the mixed triglycerides may be more difficult 
to hydrolyze than when they occur in a simple triglyceride due to steric hindrance 
by the longer carbon chain fatty acids. 

The effect of sodium chloride concentration on lipase activity. A comparison 


TABLE 2 
A comparison of the lipolytic activity of mycelial homogenate on 
butterfat and a mixture of simple triglycerides with 
a fatty acid composition similar to butterfat 


Substrate Reaction mixture Blank Av. activity 
(ml. N/20 KOH) 

Triglyceride mixture 5.47 3.19 2.32 
5.49 3.15 : 

Butterfat 3.93 2.58 1.39 
4.02 2.59 

Time — 1 hr. Substrate preparation: 

Temp. — 25° C. 0.8 g. substrate and 0.5% gum 

pH — 5.4 acacia made up to 10 ml. with 


0.1 M acetate buffer. 


| 
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of the relative activities of the two enzyme preparations as influenced by sodium 
chloride concentration is presented in Figure 7. In these experiments an increase 
in sodium chloride concentration decreased the activity of both enzyme prepara- 
tions with tributyrin as the substrate. As the salt concentration in the reaction 
mixture was increased to 4%, there was a rapid drop in lipolytic activity. 
Afterward, there was a gradual decline in activity as the salt increased to about 
16 to 20%. Between 10 and 16% salt concentration, which approximates the 
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Fig. 7. The relative lipolytic activity of mycelial (0.1 ml.) and medium (1.0 ml.) enzyme 
preparations on tributyrin as influenced by sodium chloride concentration. 

Time — 1 hr. 

Temp. — 30°C. 

pH — 5.2 

Substrate preparations: 


Mycelia — 1.0 mM tributyrin made up to 10 ml. with 0.1 M acetate buffer 
Medium — 1.1 mM tributyrin made up to 10 ml. with 0.1M acetate buffer 


concentration in the water of Blue cheese, the activity was below 40% of what 
it was without any sodium chloride. It would be expected that the amount of 
salt and its distribution in Blue cheese would be an important consideration in 
determining the lipolytic activity of the mold. 


DISCUSSION 


The temperature optimum (30-32° C.) obtained during a 1-hour reaction 
period in the present work agrees with the data of Shipe (14); however, there 
is disagreement with the 38° C. optimum obtained by Fodor and Chari (3). 
Since the latter used a reaction time of 48 hours, one would suppose that the 
optimum temperature would be lower, rather than higher. 

The differences in activities of the medium and mycelial preparations as 
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influenced by pH and temperature indicate that there may be more than one 
lipase elaborated by this mold, as suggested by others. Because the pH optima 
and the temperature-activity curves are somewhat similar with the butterfat 
substrate and they differ when tributyrin was used as a substrate, it appears 
that these differences probably are due to a lipase that has greater specificity 
for tributyrin than for mixed triglycerides. 


Nonenzymatie hydrolysis of tributyrin occurred above pH 7.5. It seems 
possible that as the pH increased, the substrate became more unstable and thus 
was more easily hydrolyzed by the enzyme system. The influence of gum acacia 
on pH optima suggests that results obtained on experimental systems containing 
stabilizers should be interpreted with caution when applying the results to 
natural systems. The presence of a stabilizer which orients itself at the fat 
globule surface may possibly interfere with enzyme-substrate contact. 

The pH optima vary from 6.0 to 7.8 depending on enzyme preparation, 
type of substrate, concentration of buffer, and presence or absence of gum acacia. 
Since Blue cheese has a complicated buffer system, there may be an optimum pH 
range instead of a single optimum pH for butterfat hydrolysis. From the results 
obtained on butterfat during this study, this range appears to be near neutrality 
(pH 6.5 to 7.0). 

The pH optima observed in this study do not agree with the data reported 
by Shipe (14) but are within the range of pH 5.3 to 7.5 determined by Thibodeau 
and Macy (16). Perhaps the reason that Thibodeau and Macy did not obtain a 
sharper optimum and the reason that Shipe’s data may be questioned is that the 
capacities of their respective buffer systems probably were exceeded. There is 
a closer agreement with Fodor and Chari (3), who claimed an optimum of pH 
6.5 for their mycelial preparation. With the medium preparation, they reported 
an optimum of pH 8.3 on monobutyrin, olive oil, and methyl butyrate in phos- 
phate buffer. The deviations of these latter results from the results obtained in 
this study may be due to the differences in buffers or substrates used or ex- 
perimental procedures. It was of interest to note that pH 8.3 was the only 
pH at which they observed measurable activity. 

The relative activity of the mycelial preparation on glycerides and on ethyl 
esters confirmed the findings of Thibodeau and Macy (16) that the lipolytic 
activity is due to a lipase rather than an esterase system. The results obtained 
using the medium preparation indicated that there was a decrease in activity 
as the molecular weight of the fatty acid portion of the triglyceride increased. 
This finding is in general agreement with that of Shipe (14). This trend also 
was shown in these experiments with the mycelial preparation acting on both 
triglycerides and ethyl esters. The low activity values of the enzyme preparations 
on triacetin and ethyl acetate substrates in an acetate buffer may not be a true 
picture since the buffer contains an end product of the hydrolysis of these sub- 
strates. However, Shipe found no activity on triacetin in the presence of an 
aniline-hydrochloride buffer using a medium preparation. It may be that acetic 
acid inhibits the lipase. 

The lower activity of the lipase preparation on triglycerides and ethyl esters 
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containing caproic acid compared to those containing caprylic acid may have 
been due to a lipase system that has a specificity for esters containing fatty acids 
of four and eight carbon atoms compared to those of two and six or that the 
caproic acid was slightly toxic to the system. It may be speculated that the 
accumulation of caproic acid in Blue cheese is due to the slow hydrolysis of this 
acid from the glycerides and that the mold may not be able to utilize this acid 
in its metabolism. 

The activity of the lipase system on butterfat falls within the range of activi- 
ties found with tricaproin, tricaprylin, and trilaurin. Tributyrin was hydrolyzed 
about eight times as fast as monobutyrin. As time progresses, there is an 
increasing concentration of di- and monoglycerides occurring in the substrates. 
This may slow up the reaction in Blue cheese. 

The arrangement of the fatty acids in the triglyceride molecule apparently 
influences lipase activity, because greater activity was observed on ‘‘syuthetic 
butterfat,’’ composed of simple triglycerides, than on natural butterfat. The 
complex mixture of the mixed triglycerides occurring in butterfat makes dupli- 
cation in the laboratory virtually impossible. 

The reduction of activity of both enzyme preparations as salt concentration 
was increased is generally in agreement with the results obtained by Thibodeau 
and Macy (16), except that they obtained a slight acceleration of activity at 1, 
4, and 6% sodium chloride concentrations. Their data were obtained using 
butterfat and acetate buffer at pH 6.5. The fact that the buffering capacity of 
acetate buffer at pH 6.5 is very low may have influenced their results. Thibodeau 
and Macy showed that at concentrations above 6% there is a decrease in activity. 
This is in agreement with the results of this study. The conclusion of Thibodeau 
and Macy that sodium chloride in concentrations such as those existing in Blue 
cheese does not retard the action of the lipases apparently is in error if the 
concentration is calculated on a brine basis. 


SUMMARY AND CONCLUSIONS 


The lipolytic activities of preparations obtained from mycelia of P. roqueforti 
and from the medium on which the mold was cultured have been investigated. 
The effects of temperature, pH, type of substrate, and sodium chloride concen- 
tration on lipolytic activity also have been studied. 

The temperature optima of the mycelial and medium preparations on tribu- 
tyrin and butterfat were between 30 and 32° C. with a reaction time of 1 hour. 
At low temperatures, an increase in temperatures increased the rate of hydrolysis 
markedly. 

The pH-activity curves as influenced by a variety of experimental conditions 
have been described. The pH optima obtained were as follows: medium prepara- 
tion, pH 7.0 to 7.8 on tributyrin and 6.5 to 6.8 on butterfat; mycelial prepara- 
tion, 6.0 to 6.7 on tributyrin and 7.0 to 7.2 on butterfat. 

The lipolytic enzymes present in these two preparations show much greater 
relative specificity for triglycerides than for ethyl esters. There was consistently 
a faster rate of hydrolysis by the enzyme system acting on tributyrin than on 
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any other substrate used. The activity was also greater on ethyl butyrate than 
on the other ethyl esters studied. — 

The lipase system was about one-third as active on butterfat as it was on 
tributyrin. The activity of this lipase system acting on both triglycerides and 
ethyl esters decreased as the molecular weight of the fatty acid esterified with 
the aleohol increased. Differences in characteristics of the two enzyme prepara- 
tions constitute additional confirmation that there may be more than one lipase 
present in this mold. An increase in sodium chloride concentration decreased the 
activity of this lipase system. 
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AN ACARDIAC MONSTER FROM A COW' 


O. T. STALLCUP? anp H. A. HERMAN 
Department of Dairy Husbandry, University of Missouri, Columbia 


Ottaway (2) has previously reported the birth of an acardiac monster and 
has reviewed the literature concerning such births. Likewise, Craig (1) and 
Williams (3) have described these anomalies in some detail. The case recorded is 
of the type Amorphus globossus, sometimes referred to as a ‘‘mole’’ or an anidian 
monster. Although similar cases have been reported elsewhere, it was thought 
that a photograph of such a specimen, as well as dissection findings, were worthy 
of record. 

HISTORY AND FINDINGS 


A grade Shorthorn cow delivered a normal full-term bull calf. When the 
placenta was expelled, the monster to be described (Figure 1) was attached. 
The dam had been bred to a purebred milking Shorthorn bull. It is of some 
interest to note that the monster described by Ottaway (2) also was born to a 
grade Shorthorn cow that had been bred to a purebred Shorthorn bull. 

The specimen consisted of a hair-covered spherical mass, the greatest length 
being 31, in. and the greatest width 284 in. One surface was convex, the other 
slightly coneave with a centrally placed umbilicus with blood vessels. The 
umbilicus had been severed adjacent to the epidermis and therefore is not 
apparent in Figure 1. 

A sagittal section of the specimen revealed a distinct thick dermal layer 
beneath the hair-covered epidermis and a central mass of undifferentiated tissue 
richly interspersed with blood vessels, fat, and connective tissue. Dissection 
failed to reveal any evidence of bone, reticular areas, internal ridges, or endo- 
thelial pouches. The blood vessels did not appear to follow any particular pat- 
tern, but there was evidence of circulation. The hair and epidermis appeared 
to be normal in every way. 


DISCUSSION 


’ 


Craig (1) in his description of ‘‘moles’’ or anidian monsters indicates that 
they are met with only in ruminants as a rule and especially the bovine species. 
In nearly every case reported they appear to be one of twins. He further states 
that they may have skin, bones, teeth, muscles, and even sense organs. Williams 
(3) indicates that they are attached to the uavel cord of the twin, the heart of 
which sustains the circulation of the monster. Unfortunately, the monster re- 
ported here was detached before being observed by the authors, and the exact 
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any other substrate used. The activity was also greater on ethyl butyrate than 
on the other ethyl] esters studied. 

The lipase system was about one-third as active on butterfat as it was on 
tributyrin. The activity of this lipase system acting on both triglycerides and 
ethyl esters decreased as the molecular weight of the fatty acid esterified with 
the aleohol increased. Differences in characteristics of the two enzyme prepara- 
tions constitute additional confirmation that there may be more than one lipase 
present in this mold. An increase in sodium chloride concentration decreased the 
activity of this lipase system. 
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Craig (1) in his description of ‘‘moles’’ or anidian monsters indicates that 
they are met with only in ruminants as a rule and especially the bovine species. 
In nearly every case reported they appear to be one of twins. He further states 
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4 Fic. 1. Photograph of the acardiae monster showing the size, shape, and the covering of hair. 


point of attachment was not determined. Williams also discusses the theories 
that have been advanced regarding the cause of this type of monster. One theory 
embraces the idea of fertilization of an imperfect ovum which has developed 
as a parasite on a normal twin. Ottaway (2) is of the opinion that some factor 

r operates at the time when separation of totipotential cells would ordinarily 
produce two normal twins but .onditions allow the fusion of allantoic vessels, 
the union of the two individuals by a common placenta, and sustenance of the 
circulation of the acardiae by means of the heart of the normal twin. 


SUMMARY 


A report is given of the history and dissection findings concerning an 
acardiac monster born twin to a bull calf from a grade shorthorn cow. The 
monster was a spherical mass covered with hair. A sagittal section revealed an 
undifferentiated mass of tissue containing blood vessels, fat, and connective tissue. 
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THE IMPORTANCE OF NUMBERS OF SPERMATOZOA IN RELATION 
TO SEMEN QUALITY AND FERTILITY 
OF DAIRY BULLS 


CECIL BRANTON, H. C. KELLGREN, anp T. E. PATRICK 


Dairy Department, Louisiana State University 
Baton Rouge 


Spermatozoan concentration in ejaculated bovine semen is an important 
quality test, and it determines the extent to which semen can be diluted for use 
in artificial insemination (1, 2, 3, 4, 7, 13, 17, 18, 20). Some investigators (5, 6, 
8, 10, 11, 12) have recommended that only the semen samples which contain 
70% or more motile spermatozoa and 900 10° spermatozoa per milliliter of 
ejaculated semen and which reduce methylene blue in 9 minutes or less be 
shipped for use in insemination. In all of these studies, however, the dilution of 
the semen was made on the basis of volume. Branton et al. (1, 2) indicated that 
concentration is an important semen quality test and that bull semen should be 
diluted on the basis of numbers of progressively motile spermatozoa, rather than 
by volume. They further recommended that the concentration be at least 500 « 
10° spermatozoa per milliliter ejaculated semen. None of these research workers 
gave much objective data to support their recommended minimum standard for 
spermatozoan concentration. Some very valuable dairy sires frequently produce 
semen with spermatozoan concentrations between 500 and 900 X 10° per milli- 
liter. There may be some question as to whether or not such semen can be used 
with good results. 

Investigations by Salisbury (10), Salisbury et al. (11, 13), and Willett (18) 
showed that bull semen could be diluted to 1:100 without any decline in fertility, 
but dilution levels above 1: 100 resulted in decreased fertility. Willett indicated, 
also, that as spermatozoan numbers were reduced below 6 million, the drop in 
fertility was more rapid than with numbers above this figure. More recently, 
however, Willett and Larson (20) found that although there was a very highly 
significant difference in fertility for semen diluted at 1:100 and 1:300, this 
difference was no longer significant when the nonreturn averages were adjusted 
to the same spermatozoan numbers by means of covariance. These results indicate 
that spermatozoan numbers are much more important than dilution effect in 
influencing fertility at the dilution levels studied by Willett and Larson. It 
appears from their data that diluting semen to 8.0-31.2 million spermatozoa per 
milliliter would give equal fertility results. This is in agreement with the few 
fertility data available on semen diluted on the basis of numbers of spermatozoa 
or numbers of motile spermatozoa (2, 3, 4). 

In view of the limited amount of data available on minimum standards for 
spermatozoan concentration in ejaculated semen and on the relation of numbers 
of motile spermatozoa per milliliter of diluted semen to fertility, the experiments 
reported here were undertaken. 
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EXPERIMENTAL 


The studies consisted of routine semen quantity and quality observations and 
fertility data obtained in field studies during 1949 and 1950-51 and of a dilution 
experiment. 

Evaluation of semen. The semen quality tests used were the same for the 1949 
and 1950-51 data and the dilution experiment. Spermatozoan concentration was 
determined by use of a Klett-Summerson photoelectric colorimeter which previ- 
ously had been calibrated by determining colorimetric density readings and 
hemocytometer counts as described by Salisbury (12) and Willett and Buckner 
(19). 

Initial motility was estimated microscopically. The conventional methylene 
blue reduction test (6, 8, 12, 13) was conducted for the 1949 data. During the 
1950-51 study and the dilution experiment the modified test recommended by 
Branton et al. (1), using 240 « 10° spermatozoa per milliliter or test, was used. 

Semen samples which contained at least 50% motile spermatozoa and a mini- 
mum of 500 « 10° spermatozoa per milliliter and which had a methylene blue 
reduction time of not over 9 minutes were diluted and shipped to breeding tech- 
nicians of the Louisiana Artificial Breeding Cooperative, Inc., for insemination 
purposes. 

Diluters and dilution of semen. During 1949 the semen was diluted with 
egg yolk-citrate-sulfanilamide at an average rate of 1:74 + 4.7, ranging from 
1:27 to 1:140. The citrate buffer used contained 3.0% sodium citrate dihydrate 
and 0.60% sulfanilamide (5, 13). It was mixed with equal portions of egg 
yolk to form the diluter. In 1950-51 and during the dilution experiment the 
egg volk was mixed with 3.0% sodium citrate dihydrate buffer at a 1:3 ratio 
(9, 16). The diluted semen contained 300 mg. sulfanilamide per 100 ml. and 
500 units each of penicillin and streptomycin per milliliter in 1950-51 and in the 
dilution experiment. The dilution rate during most of 1950-51 was 12 million 
motile spermatozoa per milliliter of diluted semen. However, some semen samples 
were diluted to 10 million. The average for all semen samples, as shown in 
Table 1, was 11.5 million. 

Dilution experiment. Four bulls, two Jerseys, one Holstein-Friesian and 
one Guernsey, were used in this study. The semen samples were treated by 
diluting so that portions of each sample contained 12, 6, and 2 million motile 
spermatozoa per milliliter, as shown in Table 5. The experimental design con- 
sisted of 3 X 3 Latin squares. 

Measurement of results. The fertility of the semen was measured by deter- 
mining the percentages of 60- to 90-day nonreturns to first services. The statis- 
tical analyses were carried out according to the methods described by Snede- 
cor (14). 


RESULTS AND DISCUSSION 


The relationship between spermatozoan concentration in ejaculated semen 
and fertility in 1949 and 1950-51 is shown in Table 1 on a grouped basis. This 
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TABLE 1 
Relationship between numbers of spermatozoa and fertility 
1949 data 1950-51 data 

No. of No. of 

motile motile 
Coneentra- sperm/ml. 60- to 90-  sperm/ml. 60- to 90- 

tion of semen Semen First day semen Semen _ First day 

sperm/ml. shipped samples services nonreturns shipped samples services nonreturns 


(millions ) (millions) (No.)  (No.) (%) (millions) (No.) (No.) (%) 
500- 899 4.2-16.9° 


7.9” 46 1,125 60.4 11.5 36 1,443 69.9 
900-1,299 5.4-18.0 
10.1 99 2,999 62.8 11.5 117 5,111 68.0 
1,300-1,699 6.5-25.7 
138.7 86 2,649 65.3 11.5 87 4,086 68.7 
1,700-2,099 10.4-33.4 
16.6 32 1,211 66.9 11.5 47 2,095 68.2 
2,100 and above 16.0-30.4 
21.2 12 372 66.4 11.5 10 421 68.9 
Total or av. 11.8 275 8,356 64.0 11.5 297 13,156 68.5 
* Range 
» Average 


table also shows the numbers of semen samples and first services for each group 
of samples, as well as the average and range in the semen dilution levels used. 
The same 10 bulls were represented each year. It will be noted that during 1949 
fertility increased as concentration increased. In contrast, in 1950-51, when the 
semen was diluted on the basis of numbers of motile spermatozoa rather than 
by volume, the fertility levels were uniform in spite of increasing spermatozoan 
concentration. The 1949 fertility data indicate that approximately equal results 
were obtained from semen samples which had concentrations of 1,300 x 10° or 
more spermatozoa per milliliter when they were diluted to contain not less than 
6.5 million spermatozoa per milliliter. On the other hand, good results were 
secured in 1950-51 with samples which had concentrations as low as 500 x 10° 
spermatozoa per milliliter when they were diluted to contain constant numbers 
of motile spermatozoa. It should be mentioned that some of the bulls produced 
a higher proportion of ejaculates with lower concentrations than others, and 
vice versa. 


TABLE 2 


Correlation and regression coefficients between spermatozoan concentration 
in ejaculated semen and fertility 


Bases of statistics 


Among Within 
Data Statistic Total bulls bulls 
1949 Correlation 0.164* 0.098 0.204°* 
Regression 0.005 0.003 0.007 
1950-51 Correlation 0.042 0.162 0.022 
Regression 0.001 0.002 0.001 


* Significant at the 1% level of probability. 
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The total, among, and within bull correlation and regression coefficients be- 
tween spermatozoan concentration in ejaculated semen and fertility are shown 
in Table 2. The regressions (b,,) are fertility (y) on concentration (xr). The 
1949 data clearly show, as was found by other investigators (1, 7, 8, 15, 17), that 
there is an important relationship between concentration and fertility of semen 
when it is diluted by volume. In these data there was a highly significant 
(P < 0.01) deviation from linearity. However, when the data were analyzed 
on the basis of the numbers of motile spermatozoa per milliliter diluted semen 
the deviation from linearity was not significant (P > 0.05). The linear correla- 
tions and regressions for 1950-51 (Table 2) were insignificant. Thus, it appears 
that semen samples with a concentration as low as 500 « 10° spermatozoa per 
milliliter ejaculated semen can be used with as good results as the more concen- 
‘trated ones, provided the semen is diluted on the basis of numbers of motile 
spermatozoa. 

As shown in Table 1, the average number of motile spermatozoa per milliliter 
diluted semen or per insemination was 11.8 million, ranging from 4.2 to 33.4 
million in 1949. These numbers of motile spermatozoa were calculated from the 
dilution ratios, spermatozoan concentration in the ejaculated semen, and the 
initial motility. The correlation coefficients between numbers of motile spermato- 
zoa per milliliter diluted semen and fertility were 0.219, 0.526, and 0.110 on a 
total, among buils, and within bull basis, respectively. The correlation coefficient 
on a total basis was the only significant one (P < 0.01). This was somewhat lower 
than the 0.491 value reported earlier by Branton et al. (1) on fewer samples. 
Nevertheless, numbers of motile spermatozoa were very important, as is shown 
by the grouped data in Table 3. In these data, as was no doubt the case with 


TABLE 3 


Fertility data from semen samples grouped into class intervals of numbers of 
motile spermatozoa per milliliter of diluted semen in 1949 


Motile Semen First 60- to 90-day 
sperm/ml. samples services nonreturns 
(millions) (No.) (No.) (%) 

4.0- 5.9 16 463 59.8 

6.0- 7.9 50 1,557 62.7 

8.0- 9.9 51 1,697 62.2 
10.0-11.9 44 1,274 62.9 
12.0-13.9 36 911 64.1 
14.0-15.9 33 1,198 64.2 
16.0-33.4 45 1,256 70.5 
Total or av. 275 8,356 64.0 


those of Willett and Larson (20), the more fertile bulls’ semen tended to be 
more concentrated and to be diluted to contain more motile spermatozoa per 
milliliter. Consequently, differences among bulls account for most of the upward 
trend of fertility with increasing numbers of motile spermatozoa per milliliter 
of diluted semen. That this was true is more clearly shown in Table 4, which 
presents the total, among bulls, and within bull regression values. 


. 
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TABLE 4 
Regression of fertility on numbers of motile spermatozoa per 
milliliter diluted semen — 1949 data 


A 
Y values (% 60- to 90-day nonreturns) 


Among Within 
X values Total® bulls” bulls* 
(millions motile 
sperm per ml.) 
4.2 59.8 51.0 62.4 
6.0 61.0 54.3 63.0 
8.0 62.3 58.0 63.6 
10.0 63.6 61.6 64.2 
15.0 66.9 70.7 65.8 
20.0 70.1 79.8 67.4 
25.0 73.4 88.9 68.9 
30.0 76.8 98.0 70.5 


A 

*Y = 0.656X + 57.072 
A 

= 1.82X 4+ 43.4 
A 

= 0.3137X + 61.1 


A summary of the fertility data (percentages of 60- to 90-day nonreturns to 
first services) for the dilution experiment is given in Table 5. Statistical analysis 
of these data revealed that there was no significant difference (P > 0.05) between 
treatments A and B (12 and 6 million motile spermatozoa per millili.er diluted 
semen). However, treatment C (2 million motile spermatozoa) gave significantly 
lower fertility than A or B (P < 0.01). These results are in agreement with 
those reported by Willett and Larson (20), whose data showed little differences in 
fertility from diluted semen containing 10 million or more total spermatozoa per 
milliliter. Considering the average semen sample to have an initial motility of 
60%, this would be 6 million or more motile spermatozoa per milliliter diluted 
semen. The results reported herein and those obtained by Bratton and Foote (4) 
also are in agreement. These workers found no difference in the fertility of semen 


TABLE 5 
Summary of fertility data for dilution experiment 
Treatments 

A®* ce 

Bulls Services N.R. Services N.R. Services N.R. 
(No.) (%) (No.) (%o) (No.) (%) 

J105 199 58.3 199 63.8 182 45.6 
J109 220 67.3 239 61.5 221 58.8 
H211 234 67.9 219 67.6 236 63.1 
G304 207 59.9 210 65.2 230 60.0 
Total 


or av. 860 63.6 867 64.5 869 58.2 


* 12 million motile spermatozoa/ml. 
> 6 million motile spermatozoa/ml. 
© 2 million motile spermatozoa/ml. 
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diluted to 15 and 10 million motile spermatozoa per milliliter, but the portion 
diluted to 5 million motile spermatozoa gave significantly lower fertility. There- 
fore, it appears that the minimum number of motile spermatozoa per milliliter 
diluted semen for optimum fertility results is approximately 6 million. Also, 
more uniform fertility results usually will be secured among and within bulls 
when the semen is diluted on the basis of numbers of motile spermatozoa. 


SUMMARY AND CONCLUSIONS 


Studies were made to determine the relationships between spermatozoan 
concentration in ejaculated semen and fertility and between numbers of motile 
spermatozoa and fertility of 10 bulls in 1949 and in 1950-51. Also, a dilution 
experiment using 2. 6, and 12 million motile spermatozoa per milliliter was 
conducted. The various correlations and regressions are discussed. 

From a review of the literature and the results of the studies reported herein 
the following conclusions appear to be justified : 

1. Semen samples with a spermatozoan concentration as low as 500 million 
per milliliter will give as good fertility results as more concentrated ones, pro- 
vided the semen is diluted on the basis of numbers of motile spermatozoa, 6 
million motile spermatozoa or more per milliliter. 

2. More uniform fertility results among and within bulls can be obtained 
when the semen is diluted on the basis of a constant number of motile sper- 
matozoa. 
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COTTONSEED VS. COTTONSEED MEAL AND CORN AS A PROTEIN 
SOURCE IN A CONCENTRATE MIXTURE 
FOR DAIRY COWS 


D. 8S. RAMSEY’ anv J. T. MILES 


Dairy Husbandry Department, Mississippi State College 
State College, Miss. 


In an early series of trials, Lloyd (12, 13, 14) compared whole cottonseed 
with cottonseed meal as a sole concentrate for dairy cows. He found that the 
cows fed cottonseed produced 75 to 79% as much milk as cows fed cottonseed 
meal. A few years later, Connell and Clayton (4) reported that three cows full- 
fed boiled cottonseed plus prairie hay free choice produced slightly more milk 
than did three cows full-fed cottonseed meal plus similar roughage. In a later 
trial, in which hay was limited to 10 lb. per head per day, the cows receiving the 
cottonseed ration produced less milk than those fed cottonseed meal. Moore (24) 
reported that cows fed 6 lb. of cottonseed produced more milk than cows fed 
3 lb. of cottonseed meal. In another trial, cows receiving 3.5 lb. of cottonseed 
meal produced slightly more milk than others fed 6 lb. of cottonseed. Lush and 
Gelpi (19) reported that cows fed a ration containing cottonseed meal produced 
5.7% more milk than cows fed a similar ration in which whole cottonseed replaced 
the cottonseed meal. Butterfat percentages varied little in this trial. Davis and 
Harland (6) replaced 2 lb. of a concentrate mixture with 2 lb. of cottonseed. 
They obtained no significant difference in the milk yield but did observe an 
inerease in the butterfat percentage during the first 20 days of a 28-day test 
period. 


EXPERIMENTAL PROCEDURES 


A double reversal trial of three 28-day test periods with 7-day changeover 
periods was conducted during the months of December, January, February, and 
March. Twenty cows which had passed their peak of milk production were 
arranged in blocks according to age and breed. Individual cows were randomly 
assigned from these blocks into two groups. Each group contained nine Jerseys 
and one Guernsey. 

The cottonseed ration was composed of equal parts of wheat bran, oats, and 
whole gin-run fuzzy cottonseed. In the control ration a mixture of four parts of 
ground corn and three parts of expeller extracted cottonseed meal was substi- 
tuted for the cottonseed on an equal weight basis. Concentrate allowances were 
adjusted weekly, each cow being fed 1 lb. of concentrates for each 3 lb. of fat- 
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corrected milk produced per day during the previous week. At the beginning of 
each changeover period, the groups were abruptly switched from one concentrate 
mixture to the other. Average quality Johnson or Sudan grass hay and sorghum 
silage were fed ad libitum, and daily consumption records were kept. Hay was 
fed in the morning and silage in the afternoon. A mixture of dicalcium phos- 
phate and salt was available in a concrete exercise lot at milking time. 

All cows were machine milked in a milking parlor twice daily. Butterfat 
percentages were determined by the Babcock test on individual samples for four 
consecutive milkings about the middle of each week. Body weights were recorded 
as the average of three consecutive daily weights at the beginning and end of 
each test period. Statistical analysis followed the method presented by Lucas 
(16) for double reversal trials. 


RESULTS AND DISCUSSION 


The adjusted means, adjusted mean differences, confidence limits, and coeffi- 
cient of variation for actual milk production, fat-corrected milk, butterfat per- 
centages, and roughage consumption on the two rations are shown in Table 1. 
The chemical analyses of the two concentrate mixtures are given in Table 2. 
The cows gained in weight on both rations, but the difference in gains made on 
the two rations was not significant. There was no noticeable difference in palata- 


TABLE 1 
Milk production, butterfat percentage, and roughage consumption per cow per day 


Adjusted means 5 
Adjusted Confidence limits 


Cottonseed Control mean Coefficient of 
ration ration differences 5% 1% variation 
(%) 
Milk produced (/b.) 22.1 21.6 0.46" 0.39 31 
FCM (lb.) 27.7 26.1 1.60" 0.40 0.50 2.6 
Butterfat percentage 5.70 5.38 0.32” 0.11 0.15 3.5 
Silage consumption (/b.) 32.7 34.2 1.47" 1.43 7.4 
Hay consumption (1b.) 8.2 8.0 0.23 5.0 
Hay equivalent 
consumption (lb.) 19.2 19.4 0.17 4.7 


* Significant at 5% probability level 
» Significant at 1% probability level 
° Not significant 


TABLE 2 
Chemical analysis of cottonseed and control rations 
Cottonseed ration Control ration 
(%) (%) 
Crude protein 16.31 16.44 
Crude fat 8.44 4.24 
Crude fiber 14.71 8.42 
Ash 5.67 5.57 
Nitrogen-free extract 45.27 55.06 


Moisture 9.60 10.27 
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bility of the rations, although some cows consumed enough of the cottonseed 
mixture to be receiving 5.5 lb. of raw cottonseed per day. 

The cows produced an average of 0.46 lb. (adjusted mean difference) more 
milk per cow per day on the cottonseed ration. This difference was significant 
(P < 0.05). The difference of 1.6 lb. of fat-corrected milk per cow per day in 
favor of the cottonseed ration was highly significant (P < 0.01). These findings 
do not agree with the results reported by Lush and Gelpi (19) and Davis and 
Harland (6) from somewhat similar trials with rations containing cottonseed. 
However, this increase in milk and fat-corrected milk production on a cottonseed 
ration containing 8.44% fat over a control ration containing 4.24% fat is in 
agreement with the numerous reports (8, 15, 18, 20, 21, 22) of increased milk pro- 
duction on 6-8% fat rations which did not contain cottonseed, compared to 
rations below 3.5% fat. Several trials have been reported in which there was no 
difference in milk production on rations containing different fat levels, but many 
of these trials (3, 7, 11, 23, 25, 26) have been on rations much lower in fat and 
with less difference in fat levels between rations than the 8.44 and 4.24% fat 
levels in these two rations. 

The 0.32% adjusted mean difference in butterfat percentage was highly sig- 
nificant (P < 0.01). This is in agreement with earlier reports of increases in 
butterfat percentages on rations containing cottonseed (5, 6, 14, 24). However, 
Lush and Gelpi (19) reported that butterfat percentages varied little in a 
somewhat similar trial with a ration containing cottonseed. The increase in 
butterfat percentage agrees with numerous results from feeding high fat rations 
which did not contain cottonseed (1, 2, 3, 10, 17, 21, 27, 28). It has been sug- 
gested that this increase in fat percentage is of a temporary nature (9, 10). Davis 
and Harland (6) reported that the increase in butterfat percentage on a cotton- 
seed ration continued for the first 20 days of their 28-day test period. 

In this trial when the butterfat percentages were compared by weeks within 
periods, they were consistently higher when the cows were on cottonseed than 
during the corresponding week on the control ration. Statistical analysis of the 
data by weeks showed this difference to be highly significant (P < 0.01) for each 
of the 4 weeks within the test period and for the changeover week. This indicated 
a relatively quick increase in fat percentages, since it was only 48-72 hours from 
the change to the cottonseed ration until the first milk samples were taken. 
Although the difference was largest in the first week of the test period, it was 
still large enough to be highly significant in the 4th week of the test period, or 
5 weeks after going on the high fat cottonseed ration. 

The average roughage consumption for all the cows on both rations was 2.17 
lb. of hay equivalent per 100 lb. of body weight. The cows consumed significantly 
(P < 0.05) more silage when on the control ration than on the cottonseed ration. 
They consumed slightly more hay on the cottonseed ration. This difference in 
hay consumption approached significance at the 5% probability level. When 
the hay and silage consumptions were combined as hay equivalent, the difference 
in consumption was not significant. 
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SUMMARY 


Cottonseed and cottonseed meal were compared as protein sources in a 17% 
protein mixture in a double reversal feeding trial. Differences in production of 
fat-corrected milk and butterfat percentages in favor of the cottonseed ration 
were highly significant (P < 0.01). Milk production was significantly higher (P 
<0.05) on the cottonseed ration. Differences in roughage consumption and gains 
in body weight were not significant. 
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THE RESPONSE OF HORMONALLY INDUCED BOVINE 
MAMMARY TISSUE TO ANTERIOR PITUITARY HORMONES 


T. R. WRENN anp J. F. SYKES 


Bureau of Dairy Industry, 
U.S. Department of Agriculture, Washington, D. C. 


In previous work from this laboratory (4) the mammary tissue obtained 
as a result of treating dairy heifers with a combination of stilbestrol and pro- 
gesterone was observed to be more normal histologically than that obtained as a 
result of administering stilbestrol alone. This finding is in agreement with work 
recently reported by Cowie et al. (2), in which similar hormone treatments were 
given ovariectomized goats. 

Since in this earlier study the heifers were sacrificed before any appreciable 
milk production was obtained, it seemed desirable to investigate further these 
distinet types of mamary tissues by collecting lactation data on a similar series. 
In the present work, mammary growth was stimulated by either stilbestrol alone 
or stilbestrol plus progesterone. Following this treatment, lactation was en- 
couraged by the administration of various anterior pituitary preparations. In 
doing this an attempt was made to determine which of the two types of tissue 
was more responsive to pituitary hormones. In addition, the relative lactation 
effects of some anterior pituitary preparations were tested. 


PROCEDURE 


Two groups of six Holstein heifers were treated as follows: Group 1 was in- 
jected with 2 mg. of stilbestrol in olive oil subcutaneously three times weekly 
from 6 to 11 months of age; Group 2 received stilbestrol in the same dosage as 
Group 1 and in addition was injected with 80 mg. of progesterone in oil three 
times weekly from 7 to 11 months of age. During the course of these injections 
the heifers were milked whenever their udders appeared to be unduly distended, 
and in every case regular milking was instituted at the age of 11 months, at which 
time the stilbestrol and progesterone were withdrawn. 

Two weeks after the last injection of estrogen or estrogen and progesterone 
the administration of pituitary hormones' was begun. The pituitary preparations 
were administered according to one of the following sequences: (a) prolactin >: 
growth > crude extract, |b) growth > growth + prolactin > crude extract, or 
(c) thyrotropin > growth > crude extract. These hormones were in aqueous 
medium and injected intramuscularly over a period of about 6 weeks. The hor- 
mone dosage and intervals of injection are given in the accompanying lactation 
eurves (Figures 1, 2, and 3). 
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* The prolactin used in these studies was supplied through the courtesy of Dr. R. W. Bates, 
E. R. Squibb & Sons, New Brunswick, N. J. The other pituitary hormone preparations were 
supplied by Dr. Irby Bunding, Armour Laboratories, Chicago, Il. 
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Fig. 1. Milk production of heifers injected with prolactin and growth hormone preparations. 


The pituitary growth hormone preparations which we have used contained 
from 51 + 17% to 141 + 36% of the growth activity of the 22 KR, Armour 
standard. The major pituitary hormone contaminant of these preparations was 
thyrotropin. T.S.H. activity of the growth hormone preparations was approxi- 
mately 0.08 U.S.P.-T.S.H. units per milligram. 

Two thyrotropin preparations were used. One of these contained 0.2 U.S.P- 
T.S.H. units per milligram and the other 0.5 U.S.P.-T.S.H. units per milligram. 
Dosage was adjusted to account for these differences in poteney in the experi- 
ments in which these preparations were used. These thyrotropin preparations also 
contained small amounts of growth hormone, prolactin, gonadotropin, and ACTH. 

The crude extract used was a less highly purified growth hormone prepara- 
tion with about 25% of the activity of the 22 KR, Armour standard. It also 
contained some prolactin, T.S.H., and ACTH, presumably in larger amounts 
than in the more highly purified preparations. 

The heifers were slaughtered at 13 months of age, and the udders were fixed 
in Bouin’s solution. Representative samples of the mammary glands were pre- 
pared for histological examination. 
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Fic. 2. Milk production of heifers injected with growth hormone and growth hormone plus 
prolactin. 


RESULTS AND DISCUSSION 


Figure 1 shows milk production curves of the four heifers which received the 
prolactin > growth > crude extract sequence. The heifers which were initially 
primed with a combination of stilbestrol plus progesterone are represented on 
the production graphs as interrupted lines; those which received only stilbestrol 
are shown by the solid lines. The milk production was not materially «ffected 
by administration of prolactin early in lactation. The response to growth hormone, 
however, was rather marked, and increases attributable to this preparaticen were 
obtained in each of these heifers. The crude extract was without noticeable effect. 

The results of the growth > growth + prolactin > crude extract sequence 
are shown in Figure 2. One heifer orginally scheduled for this group is omitted 
from the graph. During her lactation this heifer produced from only one quarter, 
and it was discovered at autopsy that the other quarters were blind. No teat 
cisterns were present in these affected quarters. This group of heifers responded 
markedly to administration of growth hormone. When these animals were given 
prolactin in addition to the growth hormone preparation, there was only a very 
slight additive stimulus to increased production. In the heifer in which prolactin 
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Fig. 3. The effect of thyrotropic and growth hormone preparations on milk production of 
dairy heifers. 


administration was discontinued while the animal was still under the influence of 
growth hormone, a sudden drop in production resulted. Rapid declines in lactation 
were observed when the crude extract was administered. It is of interest to note 
that one of the heifers in this group reached a daily production of 14.7 lb. of 
milk, the highest peak recorded in this series of heifers. 

It can be seen by observation of Figure 3 that thyrotropin was efficacious in 
causing an increase in milk yield in three of the four heifers to which it was 
given. When the thyrotropin was discontinued and growth hormone was ad- 
ministered, an additional response oceurred. Again, when the crude extract 
was given, no stimulatory effect was noted. 

The pituitary preparation that produced the most marked effects on lacta- 
tion was the growth hormone. Increases in production occurred whenever it was 
given (Figures 1, 2 and 3). Since the growth preparations used were contaminated 
with considerable amounts of thyrotropin, it is possible that the increase in pro- 
duction elicited from the growth preparation was due in part to the T.S.H. in it. 
It is interesting to note, however, that when the thyrotropic hormone was followed 
by the growth factor (Figure 3), a definite additional impetus was provided by 
the growth preparation. 
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This marked stimulation by the growth hormone is in agreement with the 
results of others. In injection experiments on lactating cows, Cotes et al. (1) ob- 
tained definite galactopoietic activity by administration of growth hormone. 
Using this A. P. hormone alone, they obtained increases in production very close 
in value to those obtained by administering unfractionated ox A. P. extracts. 
Donker and Petersen (3) also have found that growth hormone greatly in- 
creased milk production in dairy cows. 

The effect of the administration of crude pituitary extract to dairy heifers is 
not clear from this experiment. In some heifers production went down when 
the crude extract was given; in others no such decline occurred. 

A comparison of the production records of the heifers based upon their initial 
treatment is of interest. It can be seen by examination of the production graphs 
that the lactation response to injected pituitary hormones was usually much 
greater in the heifers primed with stilbestrol alone (solid lines) than in those 
that received a combination of stilbestrol and progesterone (broken lines). This 
result is somewhat surprising, since in our previous work (4) we found the 
tissue produced by stilbestrol alone to be less normal histologically than that 
produced by a combination of stilbestrol plus progesterone or stilbestrol plus 
anterior pituitary extract. Cowie et al. (2) also have observed that the lactations 
of goats primed with estrogen and progesterone were no better than those of 
goats primed with estrogen alone. 

Histological examination of the udder tissue from the present experiment 
revealed no striking variations. In general, the microscopic picture was similar 
to that of a normal lactating animal. A few sections showed a lack of alveoli 
formation, there being instead a predominance of terminal duct tissue. Also, in 
some instances alveoli were rather widely distended. These effects, however, were 
present to some extent in all groups and do not seem to be correlated with the in- 
jection pattern. It appears that if histologically different types of tissue existed 
when pituitary hormone treatment was instituted-—and both our previous work 
(4) and that of Cowie et al. (2) indicates that such was the case—this difference 
was corrected by the administration of pituitary hormones during lactation. 
Our previous work had given some slight indication that less abnormal tissue 
was developed when pituitary extracts were administered with stilbestrol during 
hormonal development of the udders of heifers. 


SUMMARY AND CONCLUSIONS 


The lactation response of dairy heifers to the injection of anterior pituitary 
hormones has been investigated. Milk production was found to be much greater 
in heifers in which the udder was developed with stilbestrol than in heifers in 
which a combination of stilbestrol and progesterone was used. Prolactin had 
only a slight stimulatory effect, if any, upon the induced lactations. Thyrotropic 
hormone was found to stimulate lactation markedly. The most stimulation, how- 
ever, was obtained by the administration of a growth hormone preparation. These 
effects were partly a result of thyrotropic hormone contamination of this pre- 


| 


1318 T R. WRENN AND J. F. SYKES 


paration, but our experiments indicate that growth hormone per se has galac- 
topoietic effects. 


REFERENCES 


(1) Cores, P. M., Cricuton, J. A., Fouuey, 8. J., anp Youne, F. G. Galactopoietic Activity 
of Purified Anterior Pituitary Growth Hormone. Nature, 164: 292-993. 1949. 

(2) Cow1r, A. T., Fouiey, 8. J., Maupress, F. H., anp RicHarpson, K. C. Studies on the 
Hormonal Induction of Mammary Growth and Lactation in the Goat. J. Endocrinol., 
8: 64-88. 1952. 

(3) Donxer, J. D., AND PererseN, W. E. Hormones in Lactation: Administration of Hor- 
mones in Declining Phases of Lactation. (Abs.). J. Dairy Sci., 35: 503-504. 1952. 

(4) Sykes, J. F., anp Wrenn, T. R. Hormonal Deveiopment of Mammary Tissue in Dairy 
Heifers. J. Dairy Sci., 34: 1174-1179. 1951. 


sia 

a 


A HIGH ROUGHAGE SYSTEM FOR RAISING CALVES BASED ON THE 
EARLY DEVELOPMENT OF RUMEN FUNCTION. Il. GROWTH, FEED 
CONSUMPTION, AND UTILIZATION BY CALVES FED A 3:2 RATIO 
OF HAY TO GRAIN WITH OR WITHOUT MOLASSES OR 
PENICILLIN SUPPLEMENT 


J. W. HIBBS, H. R. CONRAD, anp W. D. POUNDEN 
Ohio Agricultural Experiment Station, Wooster 


The background and details of the high roughage system for raising calves 
based on the early development of rumen function have been described in a 
previous paper (3). Early rumen function in this system was encouraged by 
feeding large amounts of good hay with limited grain and milk plus rumen in- 
oculations, using cud material freshly obtained from older cattle, to supply an 
early, reliable source of rumen microorganisms. Further work is being carried 
out to study various modifications of the high roughage system with the aim 
of securing the most economical growth and efficiency of feed utilization with 
maximum dependence upon rumen function. 

Klosterman et al. (4) have shown that cane molasses or molasses ash, when 
added to a fattening ration for beef cattle, where late cut timothy hay and corn 
cobs were the only roughages, resulted in increased average daily gains. The 
addition of alfalfa meal, alfalfa ash, a trace mineral mixture containing iron, 
copper, cobalt, manganese and zine or 8 lb. of corn silage daily also resulted in in- 
creased averge daily gain of steers fed the poor quality roughage. As molasses is a 
popular constituent of calf rations often added to increase palatability, it seemed 
desirable to test the value of molasses in the ration of young calves when fed 
good quality alfalfa hay in this system. 

Several reports have been made showing that penicillin provides a growth 
stimulant and increases feed efficiency when added to the rations of swine (1,2,6). 
Knodt and Bloom, however, found a decrease in rate of gain and starter con- 
sumption in dairy calves when 0.5 g. of potassium penicillin was added per 100 Ib. 
of milk replacement (5). 

In a previous experiment (3) no increase in growth of high roughage fed 
calves was found to result from feeding A.P.F. supplement No. 3 (Merck), a 
vitamin B,. supplement. Also, the performance of high roughage fed calves raised 
on either a 2:1 or a 4:1 ratio of hay to grain was presented (3). 

In this study a comparison was made between Jersey and Holstein calves fed 
a 3:2 ratio of hay to grain to 12 weeks of age. A comparison was made also of 
the effects of adding either molasses or penicillin to the 3:2 hay to grain ration on 
the performance of Jersey calves. An additional comparison was made between 
Jersey and Holsteins for the entire 6-month period when fed the 3:2 ratio of 
hay to grain to 12 weeks of age followed by a 2:1 ratio of hay to grain to 26 weeks 
of age. 
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EXPERIMENTAL PROCEDURES AND RESULTS 


Experiment No. 1: Performance of Jersey and Holstein calves fed a 3:2 
ratio of hay to grain. Two groups of calves, six Jerseys (32,34 ) and six Hol- 
steins (32,34 ) were used in this experiment. After a 3-day colostrum feeding 
period, whole milk was fed at the rate of 1 lb. per 10 Ib. of birth weight daily, us- 
ing Jersey milk for Jersey calves and Holstein milk for Holstein calves. Milk 
feeding was terminated at the end of the 7th week. As soon as the calves were 
removed from their dams, a dry feed mixture was offered free choice. The mix- 
ture consisted of 60° > mixed legume-grass hay (one-half second cutting alfalfa 
timothy and one-half second cutting clover timothy) coarsely ground in a ham- 
mer mill using a *4 in. screen; 15% ground shelled corn; 10% soybean oil meal; 
and 15% molasses concentrate (‘‘Mo-Con’’ containing 49% molasses solids, 45% 
brewers’ grains, 6% moisture), making a 3:2 ratio of hay to grain concentrates. 
The entire mixture contained an average of 13.6% total protein, 5.7% ash and 
17.7y per gram carotenoids. All calves were rumen inoculated as previously 
deseribed (3) at the end of the lst week and weekly thereafter for 6 weeks. Each 
ealf was given a 250,000 unit vitamin A capsule at the end of each of the 
first 4 weeks to assure an adequate vitamin A intake. Daily records were kept 
of feed consumption. Water was supplied ad libitum. The calves were weighed 
at birth and at weekly intervals thereafter. 

Feed consumption, growth, and efficiency of feed utilization calculated as 
TDN and NE per pound gain fcr the 12-week period are shown in Table 1. Figure 
1 shows the weekly changes in body weight for the 12-week. period, compared to 
the Ragsdale standard (8). The average weekly consumption of the 3:2 hay to 
grain mixture is shown in Figure 2. 

Experiment No. 2: Effect of penicillin or molasses supplement on performance 
of calves fed a 3:2 ratio of hay to grain. The 18 Jersey calves used in this experi- 
ment were divided into two groups at birth. The system of feeding and manage- 
ment used and the basic dry feed ration (3:2 hay to grain ratio) was the same as 
that fed in Experiment 1. One group of ten calves (64,42) received the same 
dry feed mixture described in Experiment 1, and the other group of eight calves 
(54,32 ) received a similar mixture except that the 7.5 lb. of molasses solids was 


TABLE 1 
Performance of Jersey and Holstein calves fed a 3:2 ratio 
of hay to grain to 12 weeks of age 


Jerseys Holsteins 
No. and sex of calves 6 (39, 3d) 6 (39, 3d) 
Whole milk (lb.) 230 418 
3 hay: 2 grain mix (/b.) 133 203 
Birth wt. (/b.) 51 102 
Weight at 12 wk. (/b.) 108 192 
Gain, 12 wk. (ib.) 57 90 
Gain, 12 wk. (%) 112 88 
TDN/Ib. gain (1b. )* 2.10 2.14 
NE/\b. gain ( Therms )* 2.08 2.16 


“TDN and NE ealeulated from Morrison’s (7) appendix, Tables 1 and 2. 
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Body Weight (Lbs.) 


Age (Days) 
Fig. 1. Weekly changes in body weight during the first 12 weeks of 6 (39, 3d) Holstein 
and 6 (39, 3¢) Jersey calves fed a mixture of 3 parts ground hay to 2 parts grain concentrates 
containing molasses (Experiment 1), compared to the Ragsdale standard for heifers. 
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Fig. 2. Average weekly dry feed consumption during the first 12 wk. of 6 (39, 3d) Holstein 
and 6 (39, 3¢) Jersey calves fed a mixture of 3 parts ground hay to 2 parts grain concentrate 
containing molasses (Experiment 1). 
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replaced with an equal amount of ground shelled corn. The two mixtures were of 
the following composition : 


Molasses No Molasses 
(lb.) (lb.) 

Mixed second cutting legume, 
grass hay (coarsely ground) ...0.0000.0.0...00........00c00 60 60 
15 22.5 
Molasses concentrate : 

Dried 7.5 7.5 


Average chemical composition was the same as the ration described in Experi- 
ment 1. 


Half of the calves in each group (54,42 ) were also given 0.1 g. of procaine 
penicillin per 100 lb. of feed dry matter (0.9 mg. per day in the milk during the 
7-week milk feeding period and 1.0 mg. per pound of dry feed mixture from the 
end of the 7th week to 12 weeks of age). The other half served as controls 
(64,39). All calves in both groups were also given 1.82 g. of A.P.F. supple- 
ment No. 3 (Merck) containing 50y of vitamin B,, daily in the milk, and the same 
amount was added to each pound of the dry feed mix after the milk feeding 
period. The vitamin B,, supplement was added to eliminate any possible de- 
ficiency of this vitamin. 

All calves were weighed and measured at birth and weekly thereafter for 
the 12-week experimental period. Daily records were kept of feed consumption. 
Table 2 shows the average feed consumption, growth and efficiency of feed utiliza- 
tion calculated as TDN and NE per pound of gain for the 12-week period. 

Six of the seven Jersey heifers in Experimem 2 and the six Holsteins (3 2, 
34) in Experiment 1 were continued on experiment to 6 months of age. They 
were fed a 2:1 ratio of alfalfa hay and a simple grain mixture (20% protein) 
from 12 to 26 weeks of age. 

Table 3 shows the performance of these calves for the entire 6-month period 
as measured by feed consumption, growth, TDN, and NE per pound of gain. The 
average efficiency of feed utilization measured by TDN and NE per pound of 
gain during the pericd 18-26 weeks also is shown in Table 3. This 9-week period 
was arbitrarily selected as in a previous report (3) because all calves were being 
fed alike during this period on the 2:1 ratio of hay to grain and were considered 
to be relatively free from any possible differences due to treatment prior to 12 
weeks of age. 


DISCUSSION 


Although large differences in feed consumption and growth were observed 
between the Jerseys and Holsteins (Tables 1 and 3), the average efficiency of feed 
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TABLE 3 


Performance of Jersey and Holstein calves fed a 3:2 ratio of hay 
to grain to 12 weeks and a 2:1 ratio from 12 to 26 weeks 


Jerseys Holsteins 
No. and sex of calves 6(Q) 6 (39, 3d) 
Whole milk (1b.) 212 418 
Total hay (/b.) 537 850 
Total grain (lb.) 281 439 
Birth wt. (1b.) 51 102 
Wt. at 6 mo. (lb.) 240 413 
Gain, 6 mo. (lb.) 189 $11 
Gain, 6 mo. (%) 371 303 
Birth wither ht. (in.) 25.8 29.5 
Ht., 6 mo. (in.) 35.0 39.8 
Gain in ht., 6 mo. (in.) 9.2 10.3 
Gain in ht., 6 mo. (%) 35.7 34.9 
TDN /\b. gain, 6 mo. (1b.)* 2.76 2.72 
NE/Ib. gain, 6 mo. (Therms)* 2.57 2.69 
TDN/Ib. gain, 18-26 wk. (lb.)* 3.21 3.20 
NE/Ib. gain, 18-26 wk. (Therms)* 2.81 2.89 


* TDN and NE ealeulated from Morrison’s (7) appendix, Tables 1 and 2. 


utilization as indicated by TDN and NE per pound of gain was not markedly 
different. 

Weekly changes in growth and dry feed consumption of the calves in Ex- 
periment 1 during the first 12 weeks are shown in Figures 1 and 2. It is of interest 
to note that the Jersey calves fed the 3:2 hay to grain mixture maintained ap- 
proximately the same relationship to the Ragsdale growth standard as the calves 
fed a 4:1 hay to grain mixture, as previously reported (3). Further work is being 
done, in which direct comparisons of different proportions of hay to grain are 
being made. 

As shown in Table 2, no advantage was found in adding the molasses concen- 
trate to the 3:2 hay to grain mixture. Although the penicillin-fed calves gained 
slightly more in body weight and withers height and were slightly more efficient in 
feed utilization than the molasses fed calves, these differences were not statistically 
significant and are not conclusive. The calves in this experiment (No. 2) grew 
slightly less than the Ragsdale standard, based on both body weight and height 
at withers. Furthermore, a comparison of the average increase in height at 
withers, at 3 and 6 months of age (Tables 2 and 3), with the Ragsdale standard 
shows that both the Jerseys and Holsteins gained slightly less than the standard. 
Experiments are now in progress to determine whether better skeletal growth 
may be obtained by more liberal milk feeding during the early weeks without in- 
terfering with the development of early rumen function. 


SUMMARY AND CONCLUSIONS 


A comparison was made of the performance of Jersey and Holstein calves 
raised according to the high roughage system, using a mixture of three parts 
coarsely ground mixed legume and grass hay and two parts of a simple grain con- 
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centrate mixture as the dry feed in the ration to 12 weeks of age. A 2:1 ratio of 
hay to grain was fed from 12 weeks to 26 weeks of age. Growth as indicated 
by body weight and height at withers was slightly less than the Ragsdale stand- 
ards. No difference in efficiency of feed utilization was noted between the Jerseys. 
and Holsteins during the first 12 weeks, the period 18-26 weeks, or the entire 
6-month period. 

No significant benefit resulted from adding either molasses or penicillin to the 
3:2 hay to grain ration as measured by growth, feed consumption, or efficiency 
of feed utilization in the Jersey calves. 
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A HIGH ROUGHAGE SYSTEM FOR RAISING DAIRY CALVES BASED 
ON THE EARLY DEVELOPMENT OF RUMEN FUNCTION. III. EFFECT 
OF RUMEN [INOCULATIONS AND THE RATIO OF HAY TO GRAIN 
ON DIGESTION AND NITROGEN RETENTION 


H. R. CONRAD’ anv J. W. HIBBS 
Department of Dairy Science 


Ohio Agricultural Experiment Station, Wooster 


The development of the high roughage system for raising dairy calves 
offers a means for taking early advantage of the inherent capacity of the young 
ruminant to consume and digest large amounts of roughage (7, 8). This system 
is characterized by limited milk and grain feeding with large amounts of good 
quality roughage. Rumen inoculations with freshly obtained cud material from 
older cattle were used to supply an early source of typical adult-type rumen 
microorganisms. In this way healthy calves can be raised at low cost by utilizing 
mostly home grown feeds. (8). 

The digestion of cellulose and other plant carbohydrates probably is the 
most important digestive function of the rumen because it enables ruminants to 
utilize several otherwise indigestible materials as sources of energy. 

It has becu known for some time that crude fiber digestibility is decreased 
when high leve's of readily fermentable carbohydrates are included in the ration 
(12). In vitre avestigations by Arias et al. (1) using an artificial rumen showed 
that a small quantity of starch enhanced cellulose digestion by rumen microorgan- 
isms; however, further increases impaired digestion. 

Previous work (3) indicated that maximum digestibility of cellulose in calves 
fed high roughage rations was attained at an earlier age in rumen inoculated 
calves than in uninoculated calves segregated from older animals. Other factors 
affecting crude fiber digestion are covered in the review by Mangold (12). 

There are several recent reports which suggest the important role of rumen 
microorganisms and constituents of the ration in ruminant digestion and _ utili- 
zation of protein and nonprotein nitrogen. For example, it has been shown that the 
extent to which proteins are hydrolyzed and deaminated in the rumen is de- 
pendent upon the nature of the protein itself (5, 14) and that the utilization 
of nonprotein nitrogen in the rumen by microorganisms was increased by the 
presence of readily available carbohydrate in the feed (16, 17). Also, Loosli 
et al. (11) have shown that urea nitrogen can be utilized by rumen bacteria to 
synthesize the essential amino acids. Since an excellent review of nitrogen metab- 
olism in ruminants has been made by McNaught and Smith (16), further diseus- 
sion will not be included here. 

The experiments described in this paper were carried out to determine the 
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effect of rumen inoculations and the ratio of hay to grain eaten on the dry mat- 
ter, cellulose, and protein digestion and nitrogen retention of high roughage fed 
calves. These factors were studied since it seemed probable, based on previous 
work (8, 19, 20), that the availability of rumen microorganisms and the type 
of feed fed were the principal factors involved in the establishment of early rumen 
function in calves. 

EXPERIMENTAL PROCEDURES 


The dry matter was determined by oven drying and the total nitrogen by the 
Kjeldahl method. Cellulose was determined by the method of Crampton and 
Maynard (4). 

The feeding schedule of the calves was adjusted to a constant level during 
the week preceding the 5-day collection periods. 

All digestion experiments were carried out in metabolism stalls in which 
urine was dropped through an expanded metal bottom onto a sloping sheet metal 
trough coated with paraffin which carried the urine into collection bottles. The 
expanded metal bottoms were covered with synthetic rubber fabric, ‘‘ Neomat,”’ 
in order to make the stalls more comfortable for the calves. Feces were col- 
lected in triangular bags fabricated from a rubberized cloth and attached to a 
light canvas calf blanket, as described previously (3). Pliofilm turkey storage 
bags were used as insert liners. This modification eliminated the need for removal 
of the bag for washing each day, helped prevent any loss of feces from the cloth 
bag, and facilitated handling and mixing of the feces. The Pliofilm bags were 
washed after using and reused. 

Feces and urine were collected daily and aliquots taken for chemical analyses. 
Samples for nitrogen determinations were preserved with hydrochloric acid. 

Jersey bull calves from the Ohio Agricultural Experiment Station herd which 
had been raised on various modifications of the high roughage system, as described 
by Hibbs et al. (8), were used as experimental animals. After a 3-day colostrum- 
feeding period, whole milk was fed at the daily rate of 1 lb. per 10 Ib. of birth 
weight for the first 6 weeks and reduced to zero by the end of the 7th week. Good 
quality hay was fed free choice from the start and grain limited to varicus pro- 
portions of hay eaten. The grain concentrate was made up of a mixture of 73% 
ground shelled corn and 27% soybean oil meal and contained 18.1% crude protein. 
Rumen inoculations, except in uninoculated calves, were given weekly for the 
first 6 weeks to supply an early reliable source of rumen microorganisms. Vitamin 
A capsules containing 250,000 I.U. each were administered at the end of the 1st 
week and weekly thereafter for 4 weeks in order to eliminate any possible vitamin 
A deficiency. The calves were housed in a well ventilated, temperature regulated 
barn equipped with individual stalls. 

Rumen inoculated vs. uninoculated calves. In Experiments 1 and 2 an at- 
tempt was made to study the differences in digestibility and nitrogen retention 
between rumen inoculated and uninoculated, high roughage fed calves. 

The uninoculated calves were segregated from other cattle, and precautions 
were taken to prevent contamination of feed and water buckets with rumen 
microorganisms during feeding. Rumen samples for microscopic examination were 
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taken by stomach tubes at 6, 9, and 12 weeks of age and during or preceding di- 
gestion experiments. 

In Experiment 1, four Jersey bull calves were paired on the basis of similar 
birth weight and age. One calf of each pair was kept uninoculated. Both before 
and during the digestion trials good quality, second-cutting, coarsely ground 
alfalfa hay mixed with the grain concentrate in the proportion of four parts hay 
and 1 part grain was fed. Digestion trials were conducted during the 11th and 
12th weeks of age. Dry matter, cellulose, and apparent protein digestion and ni- 
trogen retention were measured. Pair No. 2 was removed from the experiment 
during the 12th week, since certain characteristic rumen organisms had begun 
to appear by this time in the uninoculated calf. 

At 13 weeks of age pair No. 1 was changed to an 11.1% protein ration made up 
of 66% poor quality timothy hay, 24% soybean oil meal, and 10% ground 
shelled corn. Digestibility and nitrogen balance studies were made during the 
16th and 20th weeks. The uninoculated calf (968) was then rumen inoculated 
during the 21st week, and digestibility and nitrogen balance were measured 
again during the 25th week. 

In Experiment 2, a pair of Jersey bull calves (one inoculated and the other 
uninoculated) was used to study the effect of rumen inoculations on digestibility 
using higher proportions of grain to hay. Digestibility and nitrogen retention 
were measured during the 9th and 13th weeks, while the calves were being fed 
a ratio of three parts hay to two parts of the 18.1% protein grain mixture. The 
ealves were then changed to a ration of two parts good quality chopped clover- 
timothy hay and three parts of the same grain mixture. After a 2-week prelimi- 
nary period, digestion trials were carried out. Following these trials the calves 
were changed to a ration of three parts mature timothy hay and two parts 18.1% 
protein grain mixture. At the end of a 3-week preparatory period, a 10-day 
digestion trial and urine collection period concluded Experiment 2. 

Effect of the proportion of hay to grain. In Experiment 3, good quality, 
coarsely ground alfalfa hay was mixed with grain concentrate in the following 
ratios of hay to grain: 4:1, 3:2, and 2:3. These mixtures were fed free choice from 
birth. During the 13th week of age, feces and urine collections were made on the 
three calves assigned to each group for digestion and nitrogen balance determina- 
tions. 

The above experiment was duplicated using second cutting mixed clover-timo- 
thy hay. At the conclusion of the digestion trials, two calves from the group re- 
ceiving the 2:3 ratio of hay to grain were abruptly changed to a 4:1 hay to grain 
ratio, and after 3 days urine and feces were collected for two consecutive 5-day 
periods. 


RESULTS AND DISCUSSION 


The results of Experiments 1 and 2 showing the influence of rumen inoculation 
on the apparent digestibility of protein and nitrogen retention in high-roughage 
fed calves are presented in Table 1. The apparent digestion of protein was mark- 
edly increased by rumen inoculations on the lower protein rations or when 
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the protein source was largely alfalfa hay. This is indicated by the higher 
digestion coefficients for calf 965 (inoculated, 64.7-67.8) compared to 968 (unin- 
oculated, 54.4-61.8). When calf 968 was later inoculated, the apparent protein 
digestibility was found to be equal to that previously found for calf 965 on the 
same ration. Routine microscopic examinations of the rumen contents of both the 
inoculated and uninoculated calves showed the uninoculated calf to be free of 
protozoa and several of the indicator microorganisms described by Pounden and 
Hibbs (19). 

The increase in protein digestibility may have been associated with the marked 
difference in the types of rumen microorganisms observed. It is of interest that 
Pounden eft al. (18) found that protozoa and hay-group No. II bacteria, which 
were absent in the uninoculated calf (968) were among the rumen microorganisms 
most readily digested in the abomasum and small intestines. Therefore, a pos- 
sible explanation of the difference observed in apparent protein digestibility be- 
tween the cud inoculated and the uninoculated calf may have been a difference in 
digestibility of rumen microorganisms. 

The apparent increased rate of absorption of nitrogen seemed to have little 
measurable effect on the daily nitrogen retention. Although the average level 
of retention was slightly higher in the inoculated calf (965), the results were 
variable among trials, and inoculation of the uninoculated calf (968) did not 


TABLE 1 
The influence of rumen inoculations on the excretion and retention of nitrogen in young calves 


Hay : Protein 
Calf Trial Type of grain in Nitrogen Nitrogen Nitrogen Daily N - Protein 
No. No. hayfed ratio ration intake urine feces retention digested Remarks 


(%) (9.) (g.) (9.) (9.) (%) 
Experiment 1 


965 1 = A*lf. 4:1 14.1 222.2 117.8 72.1 4.61 67.8 Inoculated 
968 1 Alf. 4:1 14.1 226.4 96.5 86.5 6.22 61.8 Uninoculated 
965 2 Tim. 2:3 11.1 163.8 86.0 51.7 7.35 64.7 Inoculated 
968 2 Tim. 2:2 11.1 157.5 67.6 71.8 5.45 54.4 Uninoculated 
965 3 Tim. 2:1 11.6 171.3 99.8 59.0 4.87 65.5 Inoculated 
968 3 Tim. 2:1 11.6 163.8 94.7 72.6 -0.51 55.7 Uninoculated 
965 4 Tim. 2:1 11.6 229.7 138.6 69.5 4.33 69.2 Inoculated 
968 4 Tim. yg | 11.6 239.5 149.3 81.7 1.69 65.9 Inoculated* 
Experiment 2 

976 1 Alf. 3:2 15.2 224.9 96.7 58.7 13.9 73.8 Inoculated 
S77 «61 6AM. 3:2 15.2 198.6 79.7 63.5 10.7 67.6 Uninoculated 
976 2 A*lf. 3:2 15.2 282.8 114.1 84.9 16.8 70.0 Inoculated 
977 2 Alf. 3:2 15.2 282.8 90.7 85.4 21.3 69.8 Uninoculated 
976 3 Cl-Tim. 2:3 15.4 322.6 97.7 106.8 23.6 66.8 Inoculated 
977 3 Cl-Tim. 2:3 15.4 343.2 113.3 112.8 23.4 66.9 Uninoculated 


974 4” Cl-Tim. 3:2 11.2 517.1 213.7 194.8 9.9 62.4 Inoculated 
977 4° Cl-Tim. 3:2 11.2 510.3 177.0 212.5 11.1 58.8 Uninoculated 


* Cud inoculated 3 wk. prior to trial 4. 
» 10-day trials — others were 5-day trials. 
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seem to have an appreciable effect on daily nitrogen retention. It is also shown 
in Table 1 that most of the additional nitrogen absorbed by the rumen inoculated 
ealf was excreted in the urine. For example, the rumen inoculated calf absorbed 
an average of 19.5 g. of nitrogen per trial more than the uninoculated calf, but 
it also exereted 15.0 g. more in the urine. This indicated that a large proportion 
of the additional amino acids absorbed by the inoculated calf were deaminated 
and the nitrogen excreted in the urine possibly because the level of energy in 
the ration limited the amount of nitrogen retained by the calves. 

Differences in apparent digestion of protein between inoculated and unin- 
oculated calves were eliminated when the proportion of hay to grain was changed 
from the 4:1 ratio to a ratio of 3:2 or 2:5 (Experiment 2, Table 1). Changing 
to a low-protein grain concentrate and timothy hay ration with a higher propor- 
tion of grain gave a less marked difference between the inoculated and the unin- 
oculated calf than had been observed in Experiment 1 (Table 1), when less grain 
was fed in proportion to hay. 

The results of the nitrogen retention and protein digestion measurements in 
Experiment 3 are summarized in Table 2. The apparent digestibility of protein 
inereased when higher proportions of grain concentrates were included in the 


TABLE 2 


The influence of the type of hay fed and the ratio of hay to grain on the digestibility of 
cellulose, dry matter, protein and daily nitrogen retention in 12-week-old valves 


Hay : Daily 
No. of Kind of grain Dry nitrogen 
ealves hay fed* ratio matter Cellulose Protein retention 

(%) (%) (%) (g./100 Ib.) 

3 Alf. 4:1 66.0 65.6 66.8 7.13 

3 Alf. 3:2 68.9 70.5 71.6 12.90 

3 Alf. 2:3 72.5 60.3 72.3 13.02 

3 Cl-Tim. 4:1 66.6 69.2 57.7 wane 

3 Cl-Tim. 3:2 69.0 68.9 60.2 10.84 

3 Cl-Tim. 2:3 70.1 60.1 67.1 12.72 


* Alfalfa hay — second cutting (13.5% protein) 
Clover-Timothy hay — second cutting (11.5% protein) 


ration. The average coefficient of digestibility of protein was found to be con- 
siderably higher when alfalfa hay was utilized as the roughage than when a 
mixed clover-timothy hay was used. 

A possible explanation of the difference in protein digestibility between the 
two types of hay fed is indicated by the work of McDonald (13). He has shown 
that significant amounts of ammonia nitrogen produced by the deaminating 
activity of rumen microorganisms are lost by direct absorption through the 
rumen wall into the portal blood stream and by ultimate excretion into the urine. 
Furthermore, the amount of ammonia lost by this route is associated with the 
nature of the protein souree of the ration (5). Therefore, the higher digestion 
coefficients for alfalfa hay may be the result of greater loss of ammonia from the 
rumen. 

The average nitrogen retention of the calves receiving the 4:1 ratio of hay to 
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grain was significantly less than the average of the group receiving either the 3:2 
or 2:3 ratio (P < 0.05). No statistically significant differences were observed be- 
tween the nitrogen retention in groups fed the 3:2 or 2:3 ratios of hay to grain. 

Reports in the literature indicate that the available energy in the feed was a 
possible limiting factor for nitrogen retention in the calves fed the 4:1 ratio. 
Early work by Kuhn et al. (9) showed that the addition of starch meal to an all 
roughage ration low in readily digestible nutrients increased nitrogen retention. 
Lofgreen et al. (10) demonstrated a direct influence of the energy level in the 
feed on the rate of nitrogen retention in calves. Although protein level in the 2:3 
hay to grain ration was higher than in the 4:1 ration (Table 3), it is likely that 
the higker nitrogen retention in the 2:3 ration was due principally to the higher 
energy intake. This is further supported by the results of Hibbs et al. (8) who 
have shown that replacing a 14.5% protein grain ration with a 25% ration in 
calves fed 2 parts hay to 1 part grain did not result in increased weight gains. 
Also, as mentioned above, the higher level of protein fed in the alfalfa ration in 
Experiment 3 (Table 2) failed to produce a higher rate of daily nitrogen retention 
than the clover-timothy ration. 

A decreased digestion of cellulose was observed when the 2:3 ratio of hay to 
grain was compared to the 3:2 or 4:1 ratios (Table 2). Other investigators (2, 6) 
have observed a similar effect from feeding relatively high levels of readily 
available carbohydrate. The highly significant differences (P < 0.01) in cellulose 
digestion were believed to be associated with the type of rumen flora present. 
The calves fed on the 2:3 ratio generally did not maintain a well balanced rumen 
microflora, as judged by the indicator method (19). However, when the calves 
which were fed the 2:3 ratio of hay to grain were changed abruptly to a ration 
containing four parts hay to one part grain, the cellulose digestibility raised to 
the same percentage as that digested by control calves which had been raised on 
a 4:1 ratio following the milk feeding period (Table 3). The rapidity of the 
increase in cellulose digestion following the reduction in the proportion of grain 
to hay suggests that factors other than absence of cellulolytic rumen micro- 
organisms were involved. 


This is in support of the suggestion of Arias et al. (1) that the rumen bae- 
teria preferentially attack the more readily available carbohydrates in the feed. 
On the other hand, the decrease in cellulose digestion when the high grain ration 

2:3) was fed may have resulted from the failure of cellulose-digesting micro- 
organisms to grow at an optimum rate when the ration contains a high level of 
grain even though these microorganisms are present. The latter explanation is 
supported by the observation that some of the characteristic microorganisms being 
used as indicators of typical mature type rumen flora and fauna were not con- 
sistently established in the rumens of calves fed hay and grain in ratios of 
more than one part grain to one part hay, even though a balanced flora and fauna 
were provided by use of rumen inoculations with cud material from older 
eattle (20). ; 

Two cud inoculated calves and two uninoculated calves in Experiment 1 were 
fed four parts alfalfa hay and one part of the 18.1% protein grain mixture. The 
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inoculated calves digested dry matter at the rate of 63.4%, and the uninoculated 
calves at 60.0°%. Cellulose digestibility was 64.4% for the inoculated calves and 
61.3% for the uninoculated calves. 

The utilization of cellulose and protein was markedly influenced by the pro- 
portion of grain to hay in the ration. When both cellulose and nitrogen retention 
are taken into consideration, it appears that the 3:2 ratio of hay to grain was 
superior to either the 4:1 or the 2:3 hay to grain ration for high roughage fed 
calves. 


SUMMARY 


The digestibility of protein, dry matter, and cellulose and nitrogen retention 
have been studied in rumen inoculated and uninoculated calves and in calves 
fed various types of hay and grain in the ratios of 4:1, 3:2, and 2:3. 

Cud inoculations increased the apparent digestibility of protein in a ealf 
when a low protein, poor quality hay ration was fed or when the chief source of 
protein was alfalfa hay. Increased protein through heavier grain feeding did 
not result in a difference in protein digestibility between cud inoculated and un- 
inoculated ealves. 

Nitrogen retention was not significantly affected by rumen inoculations. 

Alfalfa and mixed clover-timothy hay fed in combination with a mixture of 
corn and soybean oil meal in the ratio of four parts hay to one part grain re- 
sulted in the low nitrogen retention of 7.45 g. per day per 100 lb. of body 
weight. When hay-grain ratios of 3:2 and 2:3 were fed, the average retention 
was 11.87 and 12.87 g. of nitrogen per 100 lb. of body weight per day, re- 
spectively. The average daily nitrogen retention for the two types of hay was 
approximately the same even though the apparent digestibility of alfalfa hay 
was markedly higher than that of the mixed clover-timothy. 

The digestibility of cellulose was less when the 2:3 ratio of hay to grain was 
fed than when either 4:1 or 3:2 ratios were fed, regardless of the type of hay 
used. Calves changed abruptly from a 2:3 to a 4:1 ratio digested cellulose equally 
as well as control calves fed continuously on a 4:1 ratio. 

The implications of these results are discussed in relation to rumen physiology 
and their application to the high roughage system of calf feeding. 
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FINAL REPORT OF THE CURRICULUM COMMITTEE 


A committee, appointed in 1949 by President Becker and continued by 
Presidents Bendixen and Henderson, was asked to study the curricula for Dairy 
Manufacturing and Dairy Production as offered at the various agricultural col- 
leges and to make recommendations as to desirable curricula and content of 
courses for these two fields at both the graduate and undergraduate level. The 
work was divided among the following subcommittees: I. Basic Sciences; II. 
Dairy Production Majors; III. Dairy Manufacturing Majors; IV. General Edu- 
cation, and V. Graduate Studies. Each subcommittee had as its chairman a 
member of the Curriculum Committee who chose his conmmittee members. Each 
subeommittee was asked to suggest a list of required and recommended courses 
for a technical and a nontechnical curriculum for dairy manufacturing majors 
and for dairy production majors. 


PROCEDURE 


In 1949 a questionnaire was sent by the chairman to all the Land-Grant Col- 
leges in the United States plus two other agricultural colleges and to seven 
Canadian universities teaching agriculture, a total of 57 institutions. Each 
institution was asked to list its course requirements and recommendations for 
dairy production and dairy manufacturing majors. Fifty-two institutions re- 
sponded, only one United States institution failing. These data furnished the 
basis for the work of the subcommittees and the Curriculum Committee. 

Each subcommittee formulated its own report, from which the Curriculum 
Committee prepared over-all curricula. Under comments appear certain sugges- 
tions by members of the Curriculum Committee which indicate some differences 
of opinion. 


SuBcoMMITTEE I—Basic Science Requirements and Recommendations. Technical 
and Nontechnical Groups. 


Production majors Manufacturing majors 
Required Recommended Required Recommended 
courses electives courses electives 
Semester Semester Semester Semester 
credits eredits credits credits 

MATHEMATICS 

3 — 3 

Other mathematies at the college level... 3 

Analytical Geometry and Caleulus .......... _ — ome 6 
PHYSICS 

General Physies, including laboratory.... 4 — 8 — 
CHEMISTRY 

General Chemistry including 

Gualitative 8° 8 
Animal Biochemistry, including 
Principles of Nutrition (lecture)......... 3 — 
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Production majors Manufacturing majors 


Required Recommended Required Recommended 
courses electives courses electives 


Semester Semester Semester Semester 
eredits credits credits credits 


Animal Biochemistry, laboratory............ 2 — 
Advanced Biochemist?y 3-6 

Quantitative Analysis........... — 


ZOOLOGY 


General, including vertebrates ................ 8 — 
Comparative + — — 


3 
3 
3 


BOTANY 


BACTERIOLOGY 
General Bacteriology with 
Sanitary and Food Bacteriology.............. 3 
ANIMAL PHYSIOLOGY 


Physielogy of Domestic Animals............. 5 — 
PARASITOLOGY CR ENTOMOLOGY... — 3 — 


GENETICS 
Advanced — 4 
ENGINEERING 


Principles of Dairy Engineering............. — — 3 — 


Recommendation as to course content: 

General Physics—Properties of matter, mechanics, heat, light, sound, electricity, and 
magnetism. 

Quantitative Analysis—Ineluding food products of agricultural importance. 

Dairy Chemistry—Analysis of milk and its constituents; physical chemistry involved in 
milk, its processing, and its products. 


Zoology—Structure, physiology, classification, and interrelation of animals, with particular 
reference to the vertebrate body. 


General Botany—Morphology, physiology, and genetics of plants. 

Principles of Genetics—Introduction to geneties and its application to biclogy and agri- 
eulture. 

Principles of Dairy Engineering—Engineering principles, including power supply, refrig- 
eration and heat transfer. 

Dairy Machinery—Including machine, equipment and plant design, and plant arrangement. 


The subeommittee recommended that, in addition to the courses listed for 
the Dairy Manufacturing curriculum, the applied service courses should include 
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chemical and bacteriological laboratory control covering the application of 
chemistry and bacteriology to dairy processing as a 2-credit course for 1 year. 
(This is accomplished in Dairy Technology ; see later requirements. ) 

The Curriculum Committee comments are as follows: Dairy Production 
curricula—The basic science requirements seem high for the nontechnical cur- 
riculum and might be modified by the elimination for that curriculum of Algebra, 
Physies, and Botany and changing the credits for several courses as follows: 
General Chemistry, 6; General Bacteriology, 3; Animal Physiology, 4; and 
Genetics, 3. Dairy Manufacturing curricula—The inclusion of Botany or Zoology 
as a requirement, the elimination of Dairy Machinery as a requirement, and 
reducing of Organic Chemistry to 3 or 4 credits seemed desirable. 


SuBcoMMITTEE IV—General Education Requirements and ‘Recommendations. 
Production and Manufacturing Curricula. Technical and Nontechnical 


Groups. 
Required Recommended 
courses electives 
Semester Semester 
credits erecits 

ENGLISH 

PSYCHOLOGY 

Psychology of Human 3 
HUMANITIES 

and History Of 3 

FOREIGN LANGUAGE 


(18 credits from above recommended list for Production curriculum; 
9 eredits for Manufacturing curriculum) 


(9 credits from above recommended list for Manufacturing curriculum) 


= 
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Recommendations as to course content: 

American History—Special emphasis toward the development of an understanding and 
appreciation of the concepts and underlying efforts which have made the present United States. 

Journalism—Fundamentals of publicity, news writing, and the preparation of copy. 

Political Science—Basie principles and institutions of political science with an analysis 
of the chief problems of American government. 

Humanities—Study of great regional cultures, classical or European, in their interrelated 
aspects: language, literature, geography, history, sccial institutions, art, and philosophy, as a 
preparation for living in contemporary society. 

Foreign Language—An elementary course to prepare students to translate scientific and 
technical papers. 

Industrial Management—Scientifice management; principles of organization; plant loea- 
tion, design, and layout; material handling; procurement; maintenance; store keeping; 
inventory control, classification, and identification; industrial safety and hygiene. 

Retail Merchandising—Principles and problems of management; organization, planning, 
buying, stock control, sales promotion, personnel administration, store operation, budgeting, 
and expense control. 


SuscomMirree II1—Dairy Production Majors, Requirements and Recommenda- 
tions. Technical and Nontechnical Groups. 


Required Recommended 


courses electives 
Semester Semester 
eredits credits 

ANIMAL HUSBANDRY 

Types and Market Classes of Live Stoek.........0....0.000....0000.occccceccccceeeeeeees 3 ae 

Feeds and Feeding (basic principles) 3 

AGRONOMY 

AGRICULTURAL ECONOMICS 

AGRICULTURAL ENGINEERING 

ANIMAL PATHOLOGY 

DAIRY PRODUCTION 

Reproduction and Artificial Breeding 3 

DAIRY MANUFACTURING 

Market Milk and Related Products. 3 


* Nontechnical curriculum. 
» Technical curriculum. 


: 
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Recommendations as to course content : 

Introduction to Dairying—Economic importance of dairying; composition; chemical and 
physical properties of milk; sampling and testing milk; principles of the dairy manufacturing 
processes; breeds of dairy cattle and their characteristics, including selection; simpler pro- 
cedures for herd management and the production of high quality milk. Includes one laboratory 
weekly. 

Dairy Herd Management—Management for efficient milk production; replacements; 
breeding and calf rearing; herd health; housing and equipment; production testing and herd 
records; selling breeding stock; production and marketing of quality milk. Includes one 
laboratory weekly. 

Milk Secretion—Physiology, endocrinology, and biochemistry of milk secretion. 

Reproduciton and Artificial Breeding—Physiology of reproduction; problems of fertility; 
semen production and handling; artificial breeding problems. Includes one laboratory weekly. 

An amendment adopted by the Production Section at the 1953 annual meeting 
was to the effect that a student majoring in dairy production must produce 
satisfactory evidence that he has had dairy farm experience before being gradu- 
ated. 

Curriculum Committee comments as follows: In view of the fact that Genetics 
is required, it is suggested that either Animal Breeding or Dairy Cattle Breeding 


be eliminated as a required course. 


SuscomMiTreE I1I—Dairy Manufacturing Majors, Required and Recommended 
Courses. Technical and Nontechnical Curricula. 


The courses in agriculture, other than dairy, that meet the minimum require- 
ment of the institution or those listed under Dairy Production curriculum are 


recommended. The dairy courses are listed below. 
Required Recommended 


courses electives 
Semester Semester 
eredits credits 
DAIRY PRODUCTION 
DAIRY MANUFACTURING 
Market Milk and Related 3 
Ice Cream and Related Frozen Dairy Products 3 —_— 
Condensed Milk and Dried Milk Products .....................0..0.000600000cceceeee 3 — 
Dairy Bacteriology (Required in Basic Sciences) 3 
Dairy Chemistry (Recommended in Basic Sciences) ............0.0..0.0000.... 3 one 


Summer Practicum (Required without credit) 


* Nontechnical curriculum. 
» Technical curriculum. 


Recommendations as to course content: 

Dairy Technology—Principles and practice in the methods of analysis of milk and milk 
products. A laboratory course. 

Advanced Dairy Technology—Function and operation of a dairy centrol laboratory ; 
methods of analysis of dairy and related products; identification and correction of quality 
defects in dairy products. Includes two laboratory periods weekly. 


‘ 
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Dairy Bacteriology—Importance of microorganisms in dairy products and the determina- 
tion of the types and numbers as related to quality. Includes one laboratory weekly. 


Advanced Dairy Bacteriology—Investigation of techniques for identifying and culturing 
microorganisms that are of importance to the dairy industry. Includes one laboratory weekly. 


Sunimer Practicum—Work in a processing plant for one summer or its equivalent in 
practical experience. 

The Curriculum Committee comments are as follows: Since Dairy Bacteri- 
ology (4 eredits) and Dairy Chemistry (3 credits) are required under Basic 
Sciences, these courses should be eliminated from the requirement under Dairy 
Manufacturing. It is suggested that courses dealing with the manufacture of 
industrial dairy products may sometimes be combined, reducing the total credits, 
and thus permitting greater election in business administration or other fields. 


SuBcoMMITTEE V—Graduate Studies. Preparation for Master of Science and 
Doctor of Philosophy Degrees. 


A Bachelor’s degree from a Land-Grant College or its equivalent with an 
undergraduate major in the field of specialization for graduate work, together 
with a grade average of 80 or B, is necessary for admission to a graduate college, 
provided also that the basic sciences and other requirements of the graduate 
college are met. Nontechnical curricula in agriculture do not always meet these 
requirements. In addition, specialization in the field of dairy production or 
dairy manufacturing may necessitate taking some undergraduate courses to 
provide the necessary background for graduate work. 


MASTER OF SCIENCE DEGREE: 


Where the Master’s degree is to be considered as terminal, a balance of 
training between basic sciences and specialized courses in Dairy Husbandry and 
allied supporting work should be arranged. Caution is suggested to insure the 
development of a program that is representative of graduate level work, par- 
ticularly where no thesis is required, to avoid awarding the Master’s degree for 
merely a fifth year of undergraduate work. 

The proposals set up for the technical curricula in both Dairy Production 
and Dairy Maufacturing are the minimum requirements for the preparatory 
work toward the Master’s degree. For the thesis requirements, the time distri- 
bution is as follows: 


1. Major: one-half the total credit requirement. 

2. Thesis: one-fourth the total credit requirement, or the equivalent in time. 

3. Minor: one-fourth the total credit requirement to be completed in a field 
related to the major area. 


If no minor is required, then advanced course work supporting the major field 
should be substituted. 

Language—a reading knowledge of one foreign language is desirable for the 
prospective candidate for the Ph.D degree; otherwise no requirement beyond 
the proper use of English. 

Residence—two semester minimum. 
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Examination—a final comprehensive examination (either oral or writton, or 
both) covering course work, seminar, outside readings, and research should be 
given after all residence and other requirements are completed. 


Doctor oF PHILOSOPHY DEGREE: 


Preparation—The candidate’s committee should evaluate all previous training 
and accomplishments as to breadth, as well as depth, with a view toward strength- 
ening weaknesses and building a good foundation. 

Language—successful reading of two foreign languages, especially those that 
have literature in the major field. 

Residence—two academic years beyond the Master’s degree. 

Course requirements—work leading to the Ph.D. degree should be designed 
to give the candidate a thoroughly comprehensive knowledge of the field of Dairy 
Husbandry and the underlying basic sciences, to train him in methods of research, 
and, at the same time, give emphasis to the development of an interest in teaching 
and good teaching techniques. With these objectives, the candidate for the Ph.D. 
degree should complete a satisfactory course of study, under the direction of a 
special committee, in one major and two minor fields. The relative amount of 
time spent on each field of study may be determined by the committee. 

Thesis—Each candidate should present a thesis, usually based on original 
research in the major field, which is prepared under the supervision of the major 
professor or other member of the graduate faculty. 

Examinations—Each candidate must pass a qualifying or preliminary exam- 
ination, either oral or written, given by a special committee, usually at the com- 
pletion of the first year of graduate work. Its purpose is to determine the quali- 
fications of the candidate to continue work toward the doctorate, and, if suecess- 
fully passed, to aid in planning future work. Upon completion of the graduate 
work, each candidate should pass a final examination conducted by his special 
committee covering major and minor fields and related subjects, as well as the 
thesis. 


COMMITTEE PERSONNEL 


Curriculum Committee—H. P. Davis, chairman 
Production—I. W. Rupel, N. N. Allen, W. J. Tyler, and I. R. Jones 
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Subcommittee I. Basie Sciences—E. L. Jack, chairman 
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Subcommittee II. Dairy Production—N. N. Allen, chairman 
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and N. 8S. Lundquist 
Subcommittee III. Dairy Manufacturing—W. M. Roberts, chairman 
P. H. Tracey, L. C. Thomsen, Robert Jenness, W. J. Caulfield, P. R. Elliker, 
H. F. Judkins, and C. H. Wilster 
Subcommittee IV. General Education—W. J. Tyler, chairman 
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PEOPLE aad EVENTS 
the Dairy Science World 


Pioneers in the Dairy Industry 


We owe much to the men who first made 
extensive application of scientific principles to 
dairy plant operations. At the turn of the 
century, milk pasteurization was just coming 
into its own. The idea of centrifugal separa- 
tion of cream was still new, and the Babeock 
test had just heen perfected. Many problems 
needed to be solved. 
Among the scientists 
who accepted the chal- 
lenge offered by the 
dairy industry at that 
time was Loomis Bur- 
RELL, a graduate of Yale 
(Ph.B., 1894) with a 
major in chemistry and 
physics. He taught ana- 
lytical chemistry at Yale 
for one year before join- 
ing the D. H. Burrell Co. 

Loomis Burrell was 
born in Little Falls, 
Herkimer County, New 
York, July 31, 1872. His 
father was the founder 
of the D. H. Burrell Co. Young Burrell early 
in lite developed an interest in science and even 
though a successful business man for many 
years he has always used a scientific approach 
to all problems. He would never accept half 
truth as an answer; he wanted facts. A source 
of great inspiration to Mr. Burrell was the 
young scientist he married in 1912—Lois Wat- 
son Wing, daughter of the late Professor H. H. 
Wing of Cornell Univ. At the time she met 
Loomis Burrell, Miss Wing was an instructor 
in Bacteriology at Cornell. These two young 
people working together were the first to de- 
velop chlorine sterilizers for use in sanitizing 
dairy equipment and utensils. This led in 1913 
to the publication by the New York Agricultural 
Experiment Station of Cireular 18, which gave 
detailed instructions on the use of hypochlorite 
solution for sterilizing dairy equipment. 

Mr. Burrell started his climb to the top of 
his company by doing the simple but necessary 
tasks of a subordinate. His first job was to 
develop a cream separator, after which he was 
assigned the task of perfecting a milking ma- 
chine. He was quiet and reserved and always 
added dignity to any occasion. In 1913 he 
became vice-president of the company and gen- 
eral manager of the Little Falls plant. In 1928 
when D. H. Burrell and Co., Ine., joined with 


Loomis Burrell 


other firms to form the Cherry-Burrell Corp., 
Loomis Burrell became its first chairman of the 
Board, a position he still holds. 

Many honors have been bestowed upon Mr. 
Burrell. He was a director in the Dairy and 
Tee Cream Manufacturers and Supplies Assoc. 
In 1932 he was appointed Consultant in Milk 
Sanitation in the U. S. Public Health Service, 
in which position he assisted in drafting the 
U.S. Public Health Service Milk Ordinance and 
Code. In 1937 he was appointed by Cordell 
Hull, then Seeretary of State, as a delegate to 
the 11th Intern. Dairy Congress, which was held 
in Berlin. In 1941 he was made a member of 
the General Board for Dairy Research of the 
Dairy and Ice Cream Machinery and Supplies 
Association. 

Throughout the years Mr. Burrell has main- 
tained an active interest in scientific subjects, 
particularly as they applied to the materials 
used in manufacturing dairy equipment and 
their effect on milk flavor. He has also studied 
high-temperature short-time pasteurization and 
the cause and prevention of corrosion. 

His keen mind has led Mr. Burrell to develop 
many worthwhile interests. His hobby is pho- 
tography. He is chairman of the Board of Di- 
rectors of Herkimer County Trust Co., vice- 
president of the Mohawk Valley Paper Co., the 
Burrows Paper Corp., and Reed Tissues, of 
Little Falls, New York. He is vice-president of 
the Board of the Auburn Theological Seminary 
and chairman of its finance committee. He has 
been president of the Board of Trustees of the 
Little Falls Publie Library since 1911. 

Mr. Burrell is a member of several business 
clubs and professional societies. In 1949 he was 
elected a member of the Scientific Research 
Society of America. In 1952 he received a 
bronze plaque and citation from Cornell Univ. 
Dairy Science Assoc. for outstanding work in 
connection with the dairy industry of New 
York state. 

Although Mr. Burrell is 81 years old, he is 
too busy to retire completely. When in town, 
he is at his office every day. He spends a 
portion of his summers at “Brookbend,” a sum- 
mer home located north of Little Falls, and 
during the colder part of winter he will be 
found at Winter Park, Florida. The Loomis 
Burrells have three married daughters. 

Loomis Burrell has ably demonstrated how 
well a professionally trained man can succeed 
in industry. He has further demonstrated the 
great possibilities that exist for a man of keen 
intellect and technical training to serve not only 


1342 


‘ 
| 
of 
| 


PEOPLE AND EVENTS 


industry but society in general. Mr. Burrell, 
our Society salutes you for your scientific and 
business successes and for the fine example that 
you have set for the young men of science 
through your splendid record as a pioneer in 
the dairy industry. 


Penn State Changes Name 


The Pennsylvania State College is now The 
Pennsylvania State University. Final approval 
was received through formal action of the 
Courts on November 13. This change in name 
is the third in the history of this institution, 
which was chartered as the Farmers’ High 
School of Pemmsylvania in 1855. In 1862 the 
name was changed to The Agricultural College 
of Pennsylvania and subsequently in 1874 the 
name, The Pennsylvania State College, was 
adopted. 

In 1874 there were 144 students enrolled at 
Penn State with 11 faculty members. Today, 
1953, there are 11,529 students on the campus 
with a full time resident faculty of 1,270. It 
is contemplated that the various schools within 
the institution will be changed to colleges. The 
University, however, will continue to be known 
as Penn State. 


Roberts Heads Special Committee 


W. M. Roserts, Head of Dairy Manufactur- 
ing in the Department of Animal Industry, 
North Carolina State College, has been ap- 
pointed to the Public Health Service Milk and 
Food Sanitation Advisory Board as the repre- 
sentative of the A.D.S.A. Dr. Roberts is the 
chairman of the Assoe. committee which acts 
in an advisory capacity on regulatory matters. 
A. C. DAnLBerG and J. T. are his associ- 
ates on this important standing committee, 
whose work is to cooperate in every way possi- 
ble with various regulatory agencies in the 
formulation of policies and programs affecting 
the dairy industry. 


Soilax Appoints J. L. Wilson 


Joun L. Wiuson has been elected to the 
Board of Directors of Economics Laboratory. 
This announcement came from M. J. Osporn, 
Board Chairman. Dr. Wilson has been with 
Economies Laboratory since 1931 as director 
of research and development. He received his 
doctor’s degree from the Univ. of Minnesota and 
is a member of a number of scientific societies. 
He has been active in economic and research 
aspects of chemistry, bacteriology, and engi- 
neering. 


Reducing Diets with Milk 
In order to prove to himself as well as others 
that it can be done, C. B. A. (Bini) Bryant of 


Johnson and Johnson Co., Chicago, is among 
the latest to join the “Drink Milk and Reduce 


1343 


Club of America.” Starting at 196 lb., Bryant 
lowered his weight 36 lb. in 60 days by careful 
control of his calorie intake, which included 
1 qt. of whole milk and 2 oz. butter per day. 
Bill, a popular speaker at dairy short courses 
and dairy technology society and trade associa- 
tion meetings the country over, chose milk and 
butter for his reducing diet because of their 
high vitamin content and because he has always 
enjoyed dairy products. His diet was not 
monotonous, as it also included fruits, vegeta- 
bles, lean meat, fish, and fowl in limited daily 
amounts. 

He states that since he is down to the weight 
recommended by his doctor, he plans to con- 
tinue eating in limited amounts but will add 
cheese and ice cream to his list of foods. When 
asked how he feels on his new diet, Bill replied, 
“T have never felt better in my life, never had 
greater energy, and feel as though I will easily 
live to be 100 years old.” 


Penn State Has Ag. Hill Party 


For several years the School of Agriculture 
has had an Annual Ag. Hill party, which 
brings together the faculty, students, and em- 
ployees for a supper and program. This year 
1,500 people gathered in the recreation hall for 
the event. Aside from the turkey supper, the 
feature of the program is the annual presenta- 
tion of scholarships to outstanding students. 
The yearly total for agricultural scholarships 
exceeds $6,000. Funds are provided by industry, 
trade associations, breed associations, and indi- 
viduals. The dairy field is well represented, and 
the program is expanding rapidly with two 
dairy technology societies planning additional 
scholarships for next year. The majority of 
the grants are for $200 a year and are available 
primarily to sophomores and juniors. 

The evening affair is planned and put on by 
the agricultural student clubs with advisory 
assistance from a faculty committee. Enter- 
tainment features include bingo and square 
dancing. The event is highly successful and 
definitely a permanent feature of student-fac- 
ulty relations at Penn State. 


W. H. Price Receives First Michigan State 
Dairy Manufactures Award 


W. H. Price, director of milk procurement 
for the Ira Wilson and Sons Dairy of Detroit, 
was recently selected as the recipient of the 
first annual Michigan State College Dairy 
Manufactures Award. Earn Weaver, Head of 
the Dairy Department, made the announcement 


‘of Dr. Price’s selection on the oceasion of the 


14th annual Michigan Dairy Manufacturers 
Conference. Some 300 people, representing the 
leading dairy manufacturing interests of the 
state, were present to hear the citation read by 
P. S. Lucas of the Dairy Department. 

Since 1901, Dr. Price has been the leader in 
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the promotion of milk inspection, having pio- 
neered this program with the Detroit Board 
of Health. In 1917 he joined the U. S. Publie 
Health Service, where he supervised the pro- 
eurement and processing of milk for our armed 
services during World War I. In 1920, Dr. 
Price returned to Detroit and joined the Detroit 
Creamery. Since 1932 he has been associated 
with the [ra Wilson and Sons Dairy. 

The award was presented on the basis of Dr. 
Price’s unselfish and steadfast efforts during 
the past 50 years to promote and improve milk 
supply for the people of Michigan. His efforts 
in this behalf have been instrumental in earn- 
ing for the dairy industry an unprecedented 
and unparalleled position of consumer confi- 
dence in the wholesomeness of dairy products. 
Dr. Price is presently active as the director of 
the Michigan Milk Dealers Association. 


Film Available on First Chicago Show 


Students and teachers in dairy production 
will be interested in a 12-minute sound film of 
the first Intern. Dairy Show, held in Chicago 
October 10 to 17. The film, which will be sent 
free on request, depicts highlights in the judg- 
ing of the six breeds of cattle that were fea- 
tured by record entries at the initial show. It 
also shows seenes from the action-packed cham- 
pionship rodeo staged in conjunction with the 
dairy show. 

Requests for film should be addressed to 
Intern. Dairy Show, Union Stock Yards, Chi- 
cago 9. 


Dairy Waste Disposal Project 
at Penn State 

For the past year, a dairy waste disposal 
project has been under way at Penn State. 
This is a cooperative project between the 
U.S.D.A. and the Departments of Engineering 
Research and Dairy Husbandry. The purpose 
of the project is to determine the most econ- 
omical engineering design of disposal equip- 
ment for commercial dairies. A 20,000-gal. 
wooden tank has been constructed adjacent to 
the College Creamery with arrangements pro- 
vided so that various types of dairy wastes can 
be pumped to the treatment tank. Specific 
studies are being made on air diffusion, rates 
of oxidation, and vitamin B:: production. Two 
commercial dairy plants are cooperating in this 
study. The biological effects of wastes, which 
are discharged from these plants into streams, 
are being investigated in order to determine 
necessary treatment. 

The problem is of particular interest in Penn- 
sylvania because of a recently instituted stream 
pollution program and law which makes dairy 
waste treatment mandatory. 


Meetings at Ohio State 


One hundred fifty people attended the fifth 
annual Dairy Technoiogy Homecoming Celebra- 


tion on October 31. The main event was the 
presentation of an award of merit to Frep M. 
CAMPBELL, Salem, Ohio, for his outstanding 
contributions to the dairy industry. 

Meetings to familiarize the butter industry 
with the grading and inspection techniques of 
the Federal Food and Drug Administration 
were held in December. The meetings planned 
cooperatively by the Ohio Department of Agri- 
culture, the Federal Food and Drug Adminis- 
tration, the butter industry, and the University, 
were held on the campus. The Ohio Depart- 
ment of Agriculture has now assigned one in- 
spector to handle all butter quality activities 
ot the Department. 


Ohio State Wins Collegiate Students’ 
Contest in Judging Dairy Products 


Ohio State Univ. was the top winner on all 
counts in the Collegiate Students’ International 
Contest in Judging Dairy Products held October 
26, in Boston. The three-man team, coached by 
W. L. Starrer, chalked up the Buckeyes’ 
eleventh win and took the three top places in 
the over-all All Products Division, in addition 
to winning the coveted Milk, Butter, and Ice 
Cream cups. There were participants from 22 
other U. 8S. and Canadian Land-grant colleges. 
Second winner was the Univ. of Connecticut, 
and Iowa State College was third. 

Ohio State’s win this year means that it again 
receives a $1,380 fellowship, which will go to 
a facuity-selected team member. The trade 
association of dairy equippers and suppliers 
also presented a $1,380 grant to second-place 
Connecticut and a $1,180 fellowship to Iowa 
State. 

Contest sponsors believe this to be the first 
time in the contest’s history that the three top 
medal winners have been from the same school. 
Jack H. Fow er, 21-year-old senior from Cald- 
well, Ohio, became the world’s top dairy prod- 
ucts taster in winning the All Products gold 
medal for highest proficiency throughout the 
contest. Silver medal winner was Raupu L. 
Pav. of Canton, and bronze All Products med- 
alist was Ropert C. MILKiE of Bellevue, Ohio. 

Winning teams also received silver cups for 
team proficiency and gold, silver, and bronze 
medals for individual scoring. Since a team 
winning one of the cups three times gets to 
keep it, Ohio State now has to win the coveted 
All Products Bowl only one more time to retain 
possession. 

Ohio State Univ. also won three other silver 
cups in the separate product divisions Milk, 
Butter, and Ice Cream. Cornell Univ. won the 
Cheese Cup, with Ohio placing third. All but 
the Ice Cream Cup, which is given by Interna- 
tional Assoe. of Iee Cream Manufacturers, are 
awarded by Dairy Industries Supply Assoe. 

The Buckeye contestants also won the follow- 
ing: Milkie, the bronze All Products medalist, 
took home the gold Butter medal; Paul, silver 
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All Products medalist, won the gold Milk medal. 
Dairy Products Champion Fowler received the 
silver Milk medal and the silver Ice Cream 
medal. 


Other High Ranking Teams 


Colleges which placed in the second and third 
team-standing spots in individual product divi- 
sions were: 
Milk—Iowa State, second; North Carolina 
State College, third. 

Butter—Univ. of Maryland, second; 
State College, third. 

Ice Cream—Univ. of Connecticut, second; 
Univ. of Maryland, third. 

Cheese—Univ. of Connecticut, second; Ohio 
State Univ., third. 

C. J. Bascock, in charge of the Dairy Branch 
Standards Section of the U.S.D.A., was contest 
superintendent in his 26th year of contest par- 
ticipation. G. M. Trout, Michigan State Col- 
lege, headed the A.D.S.A. contest committee, 
and Frep FLEMING, the DeLaval Separator Co., 
had charge of the corresponding committee of 
D.1LS.A. 

Product judges were: R. Wuitaker, Na- 
tional Dairy Research Lab., milk; N. E. Fasri- 
crus, Ladysmith (Wis.) Milk Producers Coop- 
erative Assoc., butter; H. L. Winson, Kraft 
Foods Co., cheese; and J. Horrman Erp, The 
Borden Co., ice cream. Mr. Wilson was hon- 
ored at the Awards Dinner for his 25-year par- 
ticipation as Cheese Judge. 

The contest arrangement subcommittee was 
headed by Rozsert RosEeNBAuUM, David Michael 
& Co., Philadelphia. Norman Myrick, Editor, 
American Milk Review, was in charge of the 
Awards Dinner and was its Master of Cere- 
monies. 


Iowa 


Mississippi State Happenings 


A. M. Sorenson joined the Dairy Production 
staff at Mississippi State College September 1, 
1953. Dr. Sorenson received his undergraduate 
training at Texas A & M and completed the 
work tor a Ph.D. degree at Cornell Univ. in 
June 1953. 

J. Couuins, Instructor in Dairying, resigned 
June 30, 1953, to accept a position as manager 
of the Mississippi Artificial Breeders Coopera- 
tive at State College. 

J. H. Krarr, Chairman of the Board of 
Kraft Foods, was the principal speaker at a 
banquet on October 23 that brought to a close 
a 2-day Dairy Farm Youth Short Course for 
Kraft Junior dairymen from the states of Ken- 
tucky, Tennessee, North Carolina and Mississ- 
ippi. W. E. MircHe.u, Div. Production Mana- 


ger of Kraft Foods Co., Atlanta, presented — 


GuEeN Parks from Tennessee and THomas Has- 
SEL from Mississippi each with a $300 scholar- 
ship for being the outstanding Kraft junior 
dairymen who had completed 4 years of dairy 
elub work in the southeastern division. 
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Revised Textbook Off the Press 


Publication of the fourth edition of Dairy 
Cattle Feeding and Management, by H. O. 
HENDERSON, Professor of Dairy Husbandry at 
West Virginia, and Paut M. Reaves, Professor 
of Dairy Husbandry at Virginia Polytechnic 
Institute, has been announced by John Wiley 
and Sons, Ine. The book is based upon the 
original work by Larson and Putney. The 
revised edition includes much new material cov- 
ering recent advances in the field of dairy cattle 
feeding and management. 


Events at Michigan State 


W. W. Snyper has returned after 18 months 
of teacking at the Agricultural College in 
Medellin, Colombia. J. D. JoHNSON, on leave 
from his county agent’s post, follows Prof. 
Snyder on a 2-year assignment. 

Earu WEAVER, head of the Dairy Department, 
became the new president of the Dairy Shrine 
Club during the Intern. Dairy Congr. at Water- 
loo, Iowa. 

The 14th Annual Michigan Dairy Manufae- 
turers Conference was held at M.S.C. on Nov. 4 
and 5. The program featured speakers from 
several universities and industrial organizations. 
An innovation at this year’s meetings was a 
Products Clinie, at which plant men could 
diseuss their problems. 

The third annual Dairy Cattle Breeders’ 
Conference was held at M.S.C. on Nov. 9 and 
10. This conference has been popular with 
Michigan breeders. C. J. RENNE of the On- 
tario Agricultural College was a featured 
speaker. 


10th International Congress of Agricultural 
and Food Industries 


At the invitation of the Spanish government, 
the 10th Intern. Congress of Agricultural and 
Food Industries will be held in Madrid May 30 
to June 6, 1954. Detaiied programs can be 
obtained from the Secretary of the Congress, 
Sr. D. RamOn Beneyto SaNncuIs, Zurbano, 3, 
Madrid. 

At the specialized sessions papers will be 
given on problems pertaining to the sugar, fer- 
mentation, distillation, cereal, dairy, conserves, 
condiment, cattle nutrition, animal and vegeta- 
ble fat, wood, cellulose, tobacco, essential oil, 
leather, and cold storage industries. 

During and after the Congress visits will be 
made to places of scientific and artistic interests. 


West Virginia to Hold Meeting 


The 13th annual W.V.U. Dairy Short Vourse 
will be held at Jackson’s Mill, Weston, W. Va., 
January 5-8, 1954. Outstanding authorities in 
both the production and manfacturing fields will 
bring the dairymen of the state up to date on 
new developments in the industry. 
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Ernstrom Joins Wisconsin Staff 


Cart A. Ernstrom has been appointed Ex- 
tension Specialist in Dairy and Food Industries 
at the Univ. of Wisconsin. Mr. Ernstrom re- 
ceived his M.S. degree at Utah State College 
and, in addition to his duties as extension 
specialist, is completing his research for a Ph.D. 
degree at the Univ. of Wisconsin. 


New Laws and Regulations in Dairy and 
Food Field in Wisconsin 


A new law in Wisconsin now recognizes the 
standardization of milk by permitting the re- 
moval of cream or the addition of cream or 
skimmilk. Heretofore, uniformity of milk fat 
and fluid milk for consumer use was achieved 
only by blending high fat and low fat milk from 
different producers. The minimum standards 
of 3% butterfat and 8.25% milk solids-not-fat 
remain in the definition. 

The following are new standards for ice 
eream and frozen desserts: Custard ice cream 
now must have a minimum egg yolk solids con- 
tent of 1.4% of the weight of the finished prod- 
uct. This has been changed from the old law 
that specified it as 1 2/3 oz. per gallon. The 
milk fat eontent of ice milk is required to be 
from 3% up to that preseribed for ice cream. 
The nonfat milk solids content may not be less 
than 12%. The definitions for sherbet indicate 
that this product must contain not less than 1% 
milk fat, not less than 2% total milk solids, and 
not less than 0.35% acidity to be calculated as 
laetie acid. Water ices are to be of the same 
acidity as sherbets, and must weigh not less 
than 6 lb. per gallon. 

Wisconsin now has a compulsory tester’s 
licensing law. This requires the annual licens- 
ing of milk and cream testers. Licensed cheese 
makers and licensed butter makers are exempt, 
but the bill provides that no dairy plant may 
receive milk or cream unless a licensed tester is 
responsible for the samples and is regularly 
assigned the duty of making the tests. 

There is also a compulsory butter grading 
law, under which any butter offered for sale 
must have a grade mark on the label of the 
package. The grades are the same as the United 
States standards except that all grades below 
90 or Grade B are classified as undergrade 
butter. 


Completed Theses 


M.S. Degree: 

Dero S. Ramsey—The feeding of cottonseed 
meal and corn versus whole cottonseed in a 
balanced dairy ration. Miss. State College. 

James H. Benper—The relation between cer- 
tain skimmilk constituents and the yield of 
cottage cheese. Univ. of Illinois. 

Ph.D. Degree: 

Joun H. Netson—FEffects of design of appa- 
ratus upon the ultrasonie process for acceler- 
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ating the ripening of cheese. Univ. of Wis- 
consin. 

Marie BurGer—Homogenization and deaeration 
of milk by ultrasonic sound waves. Univ. of 
Wisconsin. 

Leo J. HanseEN—A critical comparison between 
tinned steel milk cans and stainless steel milk 
eans. Univ. of Wisconsin. 


A Change in Philosophy Needed 
for A.D.S.A. 
A Guest Editorial 


The original constitution of the American 
Dairy Science Association declared its object 
to be “to advance the general welfare of the 
dairy industry, especially for improvement of 
dairy instruction, by the stimulation of scien- 
tifie research in all phases of the subject and by 
the improvement of 
methods in conducting 
extension work.” This 
statement clearly ex- 
pressed the professional 
ideals and defined the 
motives of its founders. 
It indicated that indus- 
try leadership was a 
definite part of their ob- 
jectives, along with 
teaching and research. 
They believed that pro- 
motion of the growth 
and development of the 
dairy industry was a 
part of their obligation 
to the national welfare. 

The Association adopted a new constitution 
on June 24, 1943. On that date it limited its 
responsibility in the field of industry leadership 
“to cooperate in educational development in 
advancing the general welfare of the industry.” 
In the desire to emphasize research, scholarship 
and academic accomplishment, responsibility for 
participation in aggressive industry leadership 
was definitely subordinated in the constitution. 
In addition, activities in that direction were 
discouraged as being “political” in nature when 
important problems were proposed to the Board 
of Directors for consideration. 


This aloofness from what some have described 
as “promotional” activities may have been 
merely a reflection of a similar change which 
oceurred in the spirit of many of the Land- 
Grant Colleges and Universities. It is much 
easier to suggest that “we need more research” 
or to encourage the acceptance of federal aid 
than to participate in a rugged attempt to 
solve industry or farm problems by engaging 
in what may turn out to be unpleasant contro- 
versies. 

There may be no traceable connection between 
the American Dairy Science Association’s con- 
stitution and the dairy industry’s present plight. 


P. M. Brant 


LETTERS TO THE EDITOR 


The effect of the attitude which inspired and 
approved the changes mentioned, however, is 
highly significant. Still more important is the 
effect of these changes on the spirit of dairy 
specialists. Regardless of the cause, it is appar- 
ent that the abdication by dairy scientists from 
responsibility in the field of public leadership 
has been an invitation to others to take over. 
Others, notably the economists, have taken over. 

Dairy scientists should not only maintain 
technical leadership in their field but recognize 
the practical needs of the industry. The Asso- 
ciation must encourage a renewal of interest 
in the welfare of the dairy farm family. Its 
membership must again think of dairying as a 
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type of farming that helps to maintain the 
American standards of living on the farm as 
well as in town. This doctrine needs to be par- 
ticularly impressed upon the younger genera- 
tion of workers whose horizon too frequently 
is limited to the laboratory. We need to return 
to the philosophy which inspired us when the 
dairy industry was regarded as the keystone of 
agriculture and good living. This can be accom- 
plished without turning back the pages of his- 
tory and without loss of professional dignity. 


P. M. Brant, Head 
Dept. of Dairy Husbandry 
Oregon State College 


LETTERS TO THE EDITOR 


Secretary Benson Asks for Suggestions 


The Honorable Ezra Taft Benson, Secretary 
of Agriculture, is asking us to suggest proj- 
ects in research, extension, and education to 
strengthen American agriculture. This is an 
opportunity, perhaps the first which this Asso- 
ciation has had, to use directly the broad 
knowledge, experience, and judgment of our 
members for the nation’s welfare. We are urg- 
ing you to meet this request in this way: 

What project in research, extension, or 
education in the broad field of dairying will 
do most in your opinion to strengthen Ameri- 
can agriculture? 

1. State your project as a title which will 
indicate the primary objectives. Put your title 
in the form of a question to be answered if 
you choose. 

2. Write your title on an 84% x 11 inch sheet 
of paper. Place your name and address on this 
page so that the project can be discussed with 
you if necesary. Please leave a 2-inch margin 
on the left to permit binding. 

3. Meet this challenge with thoughtful, 
prompt action. Your project will be in the 
hands of Seeretary Benson by January 25th if 
it reaches me at the University of Wisconsin, 
Babcock Hall, Madison 6, by January 15th. 

Water V. Price, President 
American Dairy Science Association 


Committee to be Appointed to Study 
Order of Seniority on Papers 


A systematie order of naming authors of 
scientific papers could add materially to the 


readers’ information. Professor R. MeL. Whit- 
ney in his letter to the Editor in the November 
issue of the Journal advanced some sound 
arguments for a standardized and publicized 
arrangement to eliminate the confusion of un- 
known and variable procedures. 

It is true that one cannot now be certain of 
the identity of the senior author or the junior 
author, or the extent to which other authors 
listed have contributed to the work and prepara- 
tion of the paper. Order of naming sometimes 
depends on the custom or policy of tke institu- 
tion in which the work was done. Pride or 
modesty may dictate the order of listing names 
rather than the nature and extent of each indi- 
vidual’s contribution. The complications multi- 
ply when a project director finds it necessary 
to write a paper based on the unpublished 
thesis of a former graduate student who became 
involved in the duties of a permanent position 
too soon to prepare his thesis for final publi- 
cation. 

Professor Whitney recommended that the 
President of the American Dairy Science Asso- 
ciation consider the appointment of a commit- 
tee to formulate a policy on the order of naming 
authors of papers published in the Journal of 
Dairy Science. The suggestion is sensible and 
reasonable. A committee is being appointed to 
assemble information on practices and « >inions 
and to present its findings and recor imenda- 
tions to our Journal Management »mmittee 
for action. 

Thank you for the suggestion, Professor 
Whitney. 

Water V. Price, Presid nt 
American Dairy Science Association 


INDUSTRY TODAY 


HOW EFFICIENT CAN THE 
DAIRY COW BECOME?’ 


Efficiency Results from Improvements 
in All Phases of Production 


C. R. 
Michigan State College and 
Bureau of Agricultural Economics 


The dairy cow has loag been proclaimed as 
the most efficient «7 the farm animals. Research 
results show that a dairy cow has no peer in 
converting 100 lb. of feed nutrients into essen- 
tial protein for human consumption. However, 
individual cows vary greatly as to the efficiency 
with which they produce milk, from both a 
physical and economic point of view. Recent 
studies conducted at Michigan State College 
show that the quantity of concentrates used in 
preducing 100 lb. of milk varied from only 20 
to more than 50 lb. The cost of the feed needed 
to produce this 100 lb. of milk ranged from 
$1.18 to $2.35. 


Cow’s Efficiency Dependent 
upon Management 


Differences in efficiency of individual cows 
must be credited to factors that are inherent in 
the cow as well as those that are man-made, or 
at least man-controlled. Individual dairymen 
themselves are especially important in deter- 
mining how efficient their dairy cows can be- 
come. Management decisions influence the gen- 
etic make-up of the cows as determined by 
breeding and selection practices. The quality 
and kind of feeds produced depends on the 
dairyman’s judgment and timing in applying 
recommended practices. Efficient use of feed 
is dependent not only on the inherent produc- 
tivity of the cows and the quality of roughage 
fed but also on the combinations of feed, the 
cows’ environment, and the control of disease 
and parasites. 


Cow’s Producing Capacity Important 


The inherent productivity of a cow is by far 
the most important single factor that influences 
efficiency in producing milk. The cow with 
average producing capacity (for Michigan 245 
lb. b.f. or 7,000 lb. 3.5-test milk) will always 


* Journal Article 1575 from the Michigan Agri- 
cultural Experiment Station. 


be an inefficient producer regardless of how well 
she is fed and cared for. Such a cow requires 
about 0.5 lb. TDN to produce 1 Ib. of milk. At 
current prices, medium-quality roughage, and 
with a favorable environment, the best she can 
do is to earn for her owner 46 cents an hour 
for his labor and management (Figure 1). 
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Return Fer Hour To Lebor 


7000 0,000 13,000 16000 
Basic Productivity of Cow 


Fie. 1. Average hourly returns to labor and 
management for cows having basic productivity 
of 7,000 to 16,000 lb. 3.5% milk. Medium quality 
roughage fed. Prices used: Grain $2.20 ewt.; 
protein supplement $4.70 ewt.; hay $20 ton; 
silage $8 ton; and pasture, poor-$20, medium- 
$22.50, and excellent $25 acre. Milk valued at 
$4.00 ewt. 


A dairyman who is successful in attaining a 
10,000 lb. milk production average for his herd 
(350 lb. b.f.) can produce a pound of milk with 
only 0.4 lb. TDN. This is a saving of 20% 
in feed over that produced by the average cow 
mentioned above. This higher producing cow 
will return her owner about $1.15 an hour, or 
two and a half times as much as the lower pro- 
ducing animal. Raising the producing ability of 
a cow to 13,000 lb. milk will reduce the feed 
nutrient requirements by an additional 10% 
and will add 35 cents an hour to labor returns. 

A dairyman who has attained a 16,000 Ib., 
or greater, production average for his herd is 
indeed a successful operator. At least, his cows 
will be efficient if given the proper environment 
and management. Such high-producing cows 
will net their owner four or five times as high 
a return for his labor as will average cows. The 


1348 


2 
: 


OUR INDUSTRY TODAY 


feed cost of producing 100 lb. of milk, at cur- 
rent prices and with medium-quality roughage, 
would be about $1.26, as compared to a feed 
cost of $2.07 for the average animal. 


Quality of Roughage Related to 
Efficient Milk Production 


Improving the quality of roughage is one of 
the most realistie opportunities for reducing 
milk production costs. A recent Michigan study 
shows that the _.t of feed used in producing 
100 lb. of milk could be reduced by as much as 
10 to 25% if dairymen would improve the 
quality of their roughage and if they would 
substitute roughage for part of the grain and 
protein fed. Dairy farmers who produced and 
fed excellent quality roughage fed 1,300 Ib. 
less grain and 330 lb. less protein supplement 
in attaining about the same production of milk 
(11,700 lb.) as did dairymen who produced and 
fed poor roughage. 

Much of the potential benefit from higher 
producing cows can be lost when roughage of 
poor quality is fed. A cow with the inherent 
capacity to produce 16,000 Ib. of milk, when 
fed poor roughage, will have almost as high 
feed costs in producing 100 lb. of milk as a 
cow with 10,000 lb. production capacity fed 
excellent roughage (Figure 2). Improving the 
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Feed Cost in Producing 100 Pounds Milk 
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Bosic Productivity of Cow 
Fic. 2. Estimated average feed costs in pro- 
ducing 100 1b. of milk when roughage quality is 


poor, medium, and excellent, and basic produe- 
tivity is 7,000 to 16,000 lb. per cow. 


quality of roughage from poor to medium on 
dairy farms where 10,000 lb. producing cows 


are kept will add about $24 to labor and man- - 


agement returns per cow. Improving the qual- 
ity of roughage from medium to excellent would 
add an additional $18 per cow to these returns. 
The extra returns resulting from improved 
quality of roughage are even greater for the 
higher producing cows. 
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The question often arises as to whether the 
extra costs involved in producing excellent 
roughage are justified. It costs about $8 more 
to produce an acre of excellent quality than an 
acre of poor quality roughage, based on a study 
of feed production and feeding practices carried 
out on 34 Michigan dairy farms. Most of the 
excellent roughage was grass silage or barn- 
dried hay, and the poor roughage was loose or 
baled hay. A 33% greater yield of feed nutri- 
ents from an acre of the high quality roughage 
resulted in a 12% lower cost. Thus the higher 
quality roughage contributed to increased effi- 
cieney by (a) reducing grain and protein needs 
and (b) lowering per unit cost of roughage. 


Feeding Schedules Must be Under Constant 
Change for Maximum Efficiency 


Economie as well as technical efficiency needs 
to be considered in arriving at the most profit- 
able combination of feeds. Economie efficiency, 
which is determined by both technical efficiency 
and relative prices for different feed inputs, 
involves the practical combination of feeds. If 
a dairyman was primarily interested in pro- 
ducing 100 lb. of milk with the least input of 
TDN, he would feed largely roughage but would 
sacrifice both production and returns above feed 
costs. On the other hand, pushing cows for 
maximum production can materially reduce 
these returns. 


There is a0 one most profitable level of grain 
feeding for all times. This level is determined 
by such factors as (a) the production response 
of cows differing in inherent productivity, (b) 
the quality of roughage, and (c) the price rela- 
tionships for feed and milk and grain and 
roughage. Dairy farmers are faced with the 
problem of making continual changes in their 
feeding program if maximum efficiency is to 
be attained. To make intelligent decisions in 
adjusting the feeding program to new condi- 
tions, it is necessary to know the production 
response of individual cows in the herd. It is 
then possible to apply current prices to feed 
inputs and milk output and determine the most 
profitable level of grain feeding. 

As additional quantities of grain are fed to 
a cow that has free access to roughage, she eats 
somewhat less roughage but her intake of TDN 
increases and total output of milk is increased. 
While milk output increases with the increased 
TDN intake, each increment of feed produces 
less milk than the preceding one. The point of 
most economical efficiency is reached when the 
cost of the last input of feed (includes cost of 
additional grain minus the value of the rough- 
age saved) just equals the value of the addi- 
tional milk produced. The most profitable com- 
bination may vary considerably from time to 
time, depending on the feed-milk and grain- 
roughage price ratio. 
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Price Relationships Must Be Cunsidered 


The normal relationship between the price of 
grain and the price of hay is about 3:1 (a ton 
of grain costs 3 times as much as a ton of hay). 
With a farm price of $2.80 a ewt. ($56.00 per 
ton) for grain, $18.60 a ton for hay and $4.00 
a ewt. for 3.5% milk, the most profitable amount 
of grain to feed, when good cows are fed me- 
dium quality hay, would be 2,750 lb. (Figure 3). 


Price Level Dollars Per Ton 


Grain Hoy 
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Fig. 3. Marginal cost in producing 100 Ib. of 
milk, medium quality roughage and good cows 
(10,000 lb. producing eapacity), three grain-hay 
price relationships. 


At this level of grain feeding the last input of 
feed just pays for itself in the value of the 
added milk produced. In other words, the addi- 
tional or marginal cost equals the marginal 
returns at this point. 

When hay is high in price relative to grain 
(hay at $28.00 a ton and grain at $56.00 a ton), 
the most profitable rate of grain feeding would 
be at the 3,400 tb. level. This is the situation 
that existed in western Kentucky and other 
drought areas during the winter feeding period 
of 1952-53. If grain should become high rela- 
tive to hay (grain at $74.40 a ton and hay at 
$18.60 a ton), it would pay to feed only about 
1,800 lb. of grain to good cows (Figure 3). 
Milk production per cow for these three feeding 
situations is estimated to be 9,500 lb. for the 
low, 10,200 lb. for the medium, and 10,450 Ib. 
for the heavy rates of grain feeding (Figure 3). 

If farm price of milk were $5 rather than 
$4 per ewt., it would pay to feed 500 or 600 
lb. more grain per cow under the three price 
situations outlined. A higher output of milk 
would then be expected. A reduction in the 


price of milk would suggest lower rates of grain 
feeding, resulting in a lower output of milk. 
Thus, price relationships become important in 
attaining maximum efficiency in the production 
of milk. 


Disease May Be Cause of 
Reduced Efficiency 


Disease is often an important factor in re- 
ducing the efficiency of a dairy cow. Dairy 
researchers have estimated that reproductive 
and infectious diseases, taken together, reduce 
total milk production by as much as 25% each 
year. Disease may thus have the same effect 
on efficiency as reducing the production capacity 
of a cow from 13,000 to 10,000 Ib. of milk. 


Dr. W. E. Peterson, dairy scientist at the 
University of Minnesota, has observed the effect 
of mastitis on identical twins receiving the same 
ration. He found that mastitis resulted in a 
16% loss in milk production for a partial lacta- 
tion period and almost 25% for the next lacta- 
tion for one cow of a pair of identical twins. 
Diseases affecting reproduction may take an 
even greater toll in reducing milk output and 
income. Dairy researchers at Michigan State 
College have estimated that these milk produc- 
tion losses can be cut in half in the next few 
years if dairymen will adopt recommended pre- 
vention and control measures. 


For Best Results Cows Must Have 
Good Environment 


A cow’s environment is controlled to a large 
extent by man. He cannot change the weather, 
but he can do much about buffering the effects 
of wind, moisture, and other climatic conditions. 
A dairyman can provide environmental condi- 
tions that will make the most efficient use of a 
cow’s capabilities or he can provide conditions 
which are so adverse that the cow cannot econ- 
omically utilize feed and other resources. Use 
of the best barn arrangements and improved 
equipment and work methods can add to the 
comfort and productivity of the dairy cow and 
at the same time reduce labor requirements. A 
dairyman can also lessen man-made disturb- 
ances that reduce a cow’s efficiency. 


All Factors Must be in Balance 


The pay-off in dairy efficiency comes when a 
dairyman makes improvements in all phases of 
his production program. A dairyman who starts 
out with average cows and average efficiency 
ean triple his labor income by improving the 
quality of his cows, by adopting the best pro- 
duction practices, and by adding enough cows 
to use up the increased feed produced (Figure 
4). A change to a larger farm and more cows 
has a relatively small effect on labor income 
when average cows and average production 
methods are used. 
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Consideration Should be Given to Cow’s 
Capacity to Digest Roughages 

The need for improving the efficiency of the 
dairy cow is especially important at a time 
when high production costs are putting a 
squeeze on dairy profits. There is room for 
tremendous improvement in the physical effi- 
ciency of the dairy cow. 

The dairy cow is especially built to handle 
roughages. She has the capacity to consume 
and utilize large quantities of roughage, yet 
dairy researchers and breeders as a group have 
failed to take advantage of this very important 
factor in breeding and selecting dairy cows for 
future production. Very few breeders have 
selected cows specifically for their efficiency in 
handling large quantities of roughage. Rather, 
they have selected cows that have achieved high 
records when fed large quantities of grain. Dr. 
C. F. Huffman, dairy nutritionist at Michigan 
State College, has pointed out that cows vary 
greatly in their ability to utilize roughage effi- 
ciently. A great deal of research needs to be 
carried out in this area if the dairy cow is to 
achieve even greater efficiency. 
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Further Research Needed 


Another area of research that needs further 
exploration is that dealing with the breeding 
and selection of improved legumes and grasses. 
There is need for hay and pasture species that 
remain palatable for longer periods of the 
growing season and yet produce large quantities 
of highly nutritious forage per acre. A com- 
bination of improved roughage-consuming cows 
and better forages would add greatly to present 
efficiency. 

An additional important problem is one deal- 
ing with the rate at which roughage is substi- 
tuted for grain when various qualities of rough- 
age are fed to cows differing in their inherent 
capacity to produce milk. New Zealand and 
the Netherlands have been cited as good exam- 
ples of countries where maximum use is made 
of roughages. Is this situation attainable or 
economically feasible in our country? If not, 
how far can dairymen go in the direction of an 
all-roughage ration? These and similar ques- 
tions ean be answered adequately only through 
cooperative research by agronomists, dairy spe- 
cialists, and production economists. 
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574* 
miniature, a technique and its application, 573* 
products, process, effect of heat treatment upon 
acceptance of, 574* 
protein, influence of processing on eleetropho- 
retic pattern of, 574* 
Provolone, butyric acid and glutamic acid in 
flavor development of, 575* 
surface ripened, growth and toxin production 
by Cl. botulinum on, 563* 
Swiss, 
early-gas defect caused .:y Bacillus polymyxa 
in, 574*; 1272 
effects of pH on growth of P. shermanii and 
its relation to quality of, 574* 
heat resistance of lactobacilli from, 409 
Chelating compounds, effect upon oxidized flavor 
of milk, 571* 
Chlordane, in milk as a result of feeding, 1172 


Chromatography, 
ion-exchange, separation of minerals in milk 
ash by, 1248 ; 
paper, method for determining lactose in milk 
by, 1233 
Churning time, of milk fat at different tempera- 
tures, 850 
Citrie acid, in semen, related to fertility, 1020 
Climatie changes, effeets on bulls, 934 


Clostridium botulinum, growth and toxin produc- 
tion on surface ripened cheese, 563* 

Coliform groups, rumen, effect of aureomycin on, 
743 

Colostrum, digestibility by calves, 489 


on biacetyl content and 
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Coneentrate, 
dried grapefruit pulp as a, 112 
mixture, cottonseed vs. cottonseed meal and corn 
as protein source in, 1308 
mixtures, distillers feeds as protein supplements 
in, 1135 
Concentrates, eating and milking times in cattle in 
relation to the fineness and water contents of, 
1279 
Conception, 
rate of cows, effect of oxytocin and epinephrine 
on, 587* 
services required for, 1112 
Contamination, of teat-cup liners, as affected by 
surface deterioration, 707 
Correction, for Journal articles 35, 2: 
35, 5: 424-435. (1952), 192 
Cottonseed meal toxicity, in calves, relation of 
breed and free gossypol levels to, 601* 
Cottonseed vs. cottonseed meal and corn as protein 
source in concentrates, 1308 
Cows, 
atretic large follicles in, 1077 
aureomycin milk and serum concentrations in, 
152 
body form in relation to production in, 584* 
ealcium metabolism in, 373 
cottonseed vs. cottonseed meal and corn as pro- 
tein source in concentrates for, 1308 
effect of oxytocin and epinephrine on conception 
rate of, 587* 
effect of thyroprotein feeding on blood level of 
inorganic iodine, protein-bound iodine and 
cholesterol in, 1049 
feeding aldrin to, 584* 
feeding thyroprotein to, 657 
indicator methods in measuring contribution of 
forages to ration for, 445 
influence of environment and test intervals on 
estimation of yields of, 606* 
lactating, 
effect of somatotropin on milk production and 
blood substances of, 589* 
effects of feeding aureomycin to, 402 
metabolic fate of S* from S*O: preserved 
silage when fed to, 1205 
milking, 
digestion of constituents of orchard grass by, 
334 
d‘stillers feeds in concentrates for, 1135 
normal and ketotic, rumen studies on, 597* 
on pasture, grain rations for, 580* 
parturient, blood levels of inorganic and organic 
constituents in, 39 
responses to environmental temperature and hu- 
midity, 585* 
results of feeding methoxychlor and methoxy- 
chlor-sprayed forage to, 309 
site of semen deposition, dosage, and numbers 
of spermatozoa related to fertility of, 1031 
superovulated with gonadotrophins, refractori- 
ness of, 1083 
‘*unidentified lactation factors’’ for, 581* 
Cream, 
action of Ps. fragi lipase in, 481 
dried by sublimation, emulsion stability of, 566* 
effect of aging on distribution of free C,, C; 
and Cs fatty acids in, 268 
factors affecting WIA in, 560* 
production of WIA and butyrie acid during 
deterioration of, 799 
Cryosecope, semi-automatic, for determining freez- 
ing point of milk, 916 
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Cryoscopie valves, made reliable by improved tech- 
niques, 567* 


Damy PRODUCTS, 

chromatographic detection of foreign fats in, 
566* 

detection of foreign fats in, 566* 
method for detection of substitute fats in, 567* 
non-sporulating anaerobic bacteria from, 561* 

Detergent, effect(s) on calves, 592* 

Detergent test, for butterfat in milk, 606* 

Diet, influence on development of the ruminant 
stomach, 599* 

Digestion, effect of hay: grain ratio and rumen 
inoculations on, 1326 

Digestion trial techniques, comparison of, 325 

Digestion trials, use of plant pigments as a marker 
in, 582* 

Dilation, mechanical, effect on bovine cervix, 772 

Diluents, semen, use of terramycin HCl in, 293 

Diluter(s), for bull semen, comparison uf homoge- 
nized whole milk and egg yolk-phosphate as, 673 
semen, heated homogenized milk used as, 1016 

Dispersibility, of dried whole milk, factors in- 
volved in, 566 

Distillers feeds, as protein supplements in concen- 
trates for milking cows, 1135 

Dry matter consumption, by grazing animals, ratio 
techniques for estimation of, 582*; 637 


Barme time, in cattle, in relation to concen- 
trate fineness and water content, 1279 
Economy, of winter feeding thyroactive supple- 
ment under a base-surplus marketing plan, 582* 
Edema, hereditary, occurrence in Ayrshires, 598* 
Egg yolk, lipid and lipoprotein constituents of, as 
related to resistance and storage of spermato- 
zoa, 733 
Eggs, fertilized bovine, successful transplantations 
of, 520 
Electroejaculation technique, application to the 
bull, 598* 
Eleetrophoretie pattern of cheese protein, influ- 
ence of processing on, 574* 
Electrophoretic properties of casein, 567* 
of whey proteins, 567* 
Emulsion stability, of cream dried by sublimation, 
566* 
Energy value and TDN of feeds, relationship 
between, 93 
Enterococci, medium for isolation and enumera- 
tion of, 1 
Environment, 
influence on estimation of yields of cows, 606* 
temperature and humidity, responses of cows to, 
585* 
Enzyme system, proteolytic, endocellular, of S. 
lactis, characteristics of, 1212 
Enzymes, 
activity in milk at 4.4° C., 562* 
proteolytic, from B. linens, 1124 
Epinephrine, effect on conception rate of cows, 
587* 
Errata, correcting Journal article 36, 3: 205-217. 
(1953), 855 
Estrogen, urinary excretion during gestation, 586* 
Extender(s), 
buffered whole egg containing antibiotics and 
glucose, fertility of spermatozoa in, 524 
containing antibacterial agents, effects of freez- 
ing spermatozoa in, 728 
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for freezing spermatozoa, 577* 
semen, evaporated milk as a, 578* 
Extension program, place of television in the, 604* 


Far, content of milk, effect on keeping quality 
of dried milk, 566* 
Fats, 
foreign, in dairy products, chromatographic de- 
tection of, 566* 
foreign, in dairy products, detection of, 566* 
substitute, in dairy products, method for detec- 
tion of, 567* 
use in ‘‘ filled milk’’ diets for veal calves, 599* 
Fatty acids, 
free C,, Cs, Cs, effect of aging cream on distri- 
bution pattern of, 268 
free, in ice cream, 948 
volatile, in the rumen, effect of ration on pro- 
duction of, 599* 
Feces, cow, fractionation and purification of ex- 
tracts containing the androgenic factor of, 296 
Feed formulas, for calves, aureomycin in, 1201 
Feeds, 
effect on butterfat characteristics, 560* 
relation between TDN and energy values of, 93 
Fertility, 
Alaskan eattle, variation in, 598* 
artificial insemination, effect of dosage, con- 
centration, and site of depositing semen on, 
576* 
bull, importance of numbers of spermatozoa in 
relation to semen quality and, 1301 
bull, procedure for estimating, 260 
bulls, 
effeet of climatic changes on, 934 
effect of transportation on, 576*, 1186 
eattle, heritability of, 1063 
cows, related to site of semen deposition, dosage, 
and numbers of spermatozoa, 1031 
decline during storage, as influenced by dilution 
rate, 1182 
fructose and citric acid in semen related to, 1020 
heifers, site of semen deposition related to, 577* 
rates, sire influences on, 1072 
spermatozoa in boiled milk, 173 
spermatozoa in buffered whole egg extenders 
containing antibiotics and glucose, 524 
Fertilization, in the hormone-stimulated calf, 274 
Flavor, 
activated, effect of light on development of, 1153 
changes during low temperature storage of con- 
eentrated milks, 817 
cottage cheese, effect of bacteria on, 843 
Folie acid, 
content of milk, 24 
in goat’s milk, 29 
Follicles, 
atretic large, in cows, 1077 
ovarian, distribution of phosphatase, glycogen, 
and Schiff-positive substances in, 587* 
Forage, 
and forage juice concentrates, growth stimu- 
lators and inhibitors in, 581* 
methoxychlor sprayed, results of feeding to 
cows, 309 
plants, bacterial activity on, 602* 
Forages, contribution to ration measured by indi- 
eator methods, 445 


Freezing point, milk, ecryoscope for determining, 


Freezing points, milk, variations in, 924 
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Fructose, in semen, 
influence of ineubation on, 578* 
related to fertility, 1020 


Gaxacrose, conversion of glucose to, 590* 

Gas defect, early, in Swiss cheese, caused by B. 
polymyxa, 574*; 1272 

Genetic changes, in Red Sindhi cattle, estimates of, 
688 

Geotrichum candidum, growth and lipase produe- 
tion by, 143 

Gestation, urinary estrogen excretion during, 586* 

Globulin, milk, effect of heat on, 437 

Glueose, conversion 10 galactose, 590* 

Glucose-C“, spermatozoa aerobic uptake of, 579* 

Glutamie acid, in flavor development of Provolone 
cheese, 575* 

Goats, 
effect of ethyl alcohol on plasma vitamin A 

levels of, 156 

effect of stilbestrol induced lactation on, 1089 

Gonadotrophins, refractoriness of cows repeatedly 
superovulated with, 1083 

Grapefruit pulp, dried, as a concentrate for heif- 
ers, 112 

Grassland farming, 605* 

Growth stimulants, value of certain surfactants 
when fed to calves as, 592* 

Growth stimulators and inhibitors, in forage and 
forage juice concentrates, 581* 


Hay, alfalfa vs. prairie, with and without aureo- 
mycin, for calves, 594* 
grain ratio and rumen inoculations, effect on 
digestion and nitrogen retention, 1326 
grain ratio, effect on digestion and nitrogen 
retention in high roughage fed calves, 600* 
grain ratio, 3:2, with or without molasses or 
penicillin, performance of calves on, 1319 
ground, in cattle rations, effect of adding, 580* 
orchard grass, 
composition of lignin from, 346 
digestion of constituents by milking cows, 334 
Hays, southeastern, intake, digestibility, and nutri- 
ent deficiencies of, 854 
Heat tolerance, of Holstein and Red Sindhi X 
Holstein heifers, 585* 
Heat treatment, effect upon acceptance of process 
cheese products, 574* 
Heifers, 
eauses of infertility in, 586* 
correiation of mammary gland development with 
their body weight and milk production of their 
dams, 1058 
dried grapefruit pulp as concentrate for, 112 
factors affecting age at puberty in, 584* 
fed alfalfa silage, rumen flora of, 588* 
Holstein and Red Sindhi < Holstein, heat toler- 
ance of, 585* 
long-time effects of aureomycin feeding to, 594* 
mastitis-free, first calf, effects of vacuum level 
and milking duration on udder health in, 504 
site of semen deposition as related to fertility 
in, 577* 
Herbage, pasture, 
fractions of, 1006 
Herd, dairy, inheritance of breeding efficiency in, 
909 
Hereditary edema, occurrence in Ayrshires, 598* 
Heritability, of fertility in cattle, 1063 
Hippurie acid, in milk, 943 


diges*ibility of carbohydrate 
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Homogenization, cavitation during, 64 

Homogenizer valves, operating characteristics of, 
564* 

Hormones, anterior pituitary, response of hormon- 
elly indueed mammary tissue. to, 1313 

Housing, dairy cattle, milk sanitation aspects of, 
607* 

HTST pasteurizers, overholding in, 614 

Hyperkeratosis (X-disease), in calves, relationship 
of vitamin A to development of, 601* 


CE CREAM, 
effect of storage on nitrogen distribution in, 
570* 

free fatty acid content of, 948 
Infertility, in heifers, causes of, 586* 
Inheritance, of breeding efficiency, 909 
Insemination, optimum time for, 576* 
Iodine, protein-bound, 

levels in calf plasma, 363 

levels in plasma of cattle, 33 
Tonie equilibria, 

in raw skim and heated milks, 560* 

in raw skimmilk, ion-exchange method for, 559* 
Trrigation, 

effeet on pestures, 596* 

in the western states, 605* 

supplemental, in the Northeast, 605* 


Kerosis, use of sodium propionate in control 
of, 597* 


Lazor requirements, for operation of perma- 
nent milk pipeline in stanehion barn, 596* 
Lactase, oligosaccharides formed during lactose 
hydrolysis by, 620 
Lactational differences, in butterfat percentages, 
584 
‘“Laetation factors, unidentified,’’ for cows, 581* 
Lactation peak, effect of prepartum milking on 
time required to reach, 168 
Lactation, stilbestrol induced, effeet on goats, 1089 
Lactic acid, semen, influence of incubation on, 578* 
Lactic streptococci, nutritional requirements of, 
161 
Lactobacilli in Swiss cheese, heat resistance of, 409 
Lactose, 
chromatographic observation of oligosaccharides 
formed during lactase hydrolysis of, 620 
feeding, previous, effeet on intestinal absorption 
of lactose in the rat, 7 
in milk, paper chromatography method for, 1233 
Lactose-1-C™, reaction with milk protein, 766 
Leucocyte count, of herd milk compared to inei- 
dence of mastitis, 1267 
Leuconostoc citrovorum, plate culture technique 
for, 564* 
Light, 
effect on activated flavor development and con- 
stituents of milk, 1153 
milk transmission and reflectance of, 572* 
Lignin, from orchard grass hay and feces, 346 
Lime, slacked, as preventive of scours, 319 
Liners, teat-cup, method for studying sanitation 
of, 391 
Lipase, 
extracellular, of Gram-negative bacteria, 698 
of Ps. fragi, 
action in cream and butter, 481 
characterization of, 459 
factors affecting production of, 471 


production by G. candidum, nutritional factors 
influencing, 143 

system of P. roqueforti, characteristies of, 1285 

Lipid requirements of the calf, 591* 

Lipides, blood plasma of calves, effect of diet on 
diurnal variation in, 591* 

Lipids, dietary, effect on plasma lipids of calves, 
32 

Loaf volume depressant, heat-labile, characteriza- 
tion of, 569* 


Maex ESIUM, deficiency, in calves, production 
of, 591* 
Mammary gland development, in heifers, correla- 
tion with their body weight and milk production 
of their dams, 1058 
Mammary gland homogenates, carbohydrate me- 
tabolism of, 589* 
Mammary glands, of rats, rate of cell division in, 
589* 
Mammary tissue, hormonally indueed, response to 
anterior pituitary hormones, 1313 
Mastitis herd milk, use of Whiteside test in detect- 
ing, 595* 
Mastitis incidence, leucocyte count of herd milk 
compared 1267 
Medium, 
plating, for enterococci, 1 
synthetic, for growth of lactic streptoeoeci, 161 
Methoxyehlor, crystalline, results of feeding to 
cows, 309 
Miecroflora, intestinal, of calves fed aurecmyein, 45 
Microorganisms, 
antibiotie resistant, in diluted semen, 579* 
rumen, effect of aureomyein on, 743 
Milk, 
albumin and globulin, effect of heat on, 437 
antibiotic levels, following intramammary ad- 
ministration of antibicties, 595* 

ash, ion-exchange chromatography separation of 
minerals in, 1248 

bactericidal effectiveness of ultraviolet light and 
energy absorbed by, 563* 

boiled, fertility and motility of spermatozoa in, 
173 


bottled, bacterial population and characteristics 
of, 570* 

cans, tinned steel and stainless steel, comparison 
of, 564* 

chromatographed, response of calves to a, 603* 

chromatographic studies of reducing sugars in, 
559* 

concentrated and recombined, storage changes 
in bacterial counts and flavor in, 817 

eryoseope for determining freezing point of, 916 

detergent test for butterfat in, 606* 

diet, semi-synthetic, production of magnesium 
deficiency in calves using, 591* 

digestibility by calves, 489 

2,4 dinitrophenylhydrazine test for vitamin C 
in, 573 

dried, 
effect of fat content of milk on the keeping 

quality of, 566* 

whole, wettability and dispersibility of, 566* 

dry and fluid, 
method of determining peroxide value of but- 

terfat in, 561* 

stability of vitamin A in, 572* 

effect of chelating compounds upon oxidized 
flavor of,.571* 
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effect of light on activated flavor development 
in, 1153 

evaporated, as semen extender, 578* 

fat, 
churning time at different temperatures, 850 
from cows on special roughage diets, 561* 

‘*filled,’’ diets for veal calves, use of fats in, 
599* 

folie acid and vitamin B.: content of, 24 

from cows on pasture and dry feed, resistance 
to S. agalactiae, 594* 

goat’s, influence of trace-mineralized salt on 
vitamin B.: and folie acid in, 29 

heat inactivation of B. abortus in, 562* 

heated homogenized, as semen diluter, 1016 

herd, leueocyte count of, compared to incidence 
of mastitis, 1267 

high temperature pasteurization of, 356 

HTST pasteurization destruction of psychro- 
philic bacteria in, 570* 

hippurie acid in, 943 

influence of protein hydrolysis on susceptibility 
to development of oxidized flavor in, 98 

ionic equilibrium in, ion-exchange resin mem- 
branes in study of, 560* 

market, influence of time and temperature on 
bacterial counts of, 570* 

mastitis, herd, use of Whiteside test in detect- 
ing, 595* 

method for determining quaternary ammonium 
compounds in, 225 

origin of sunlight flavor in, 572* 

paper chromatographic method for determining 
laetose in, 1233 

pasteurized and homogenized, role of psychro- 
philic bacteria in keeping quality of, 571* 

pasteurized, influence of cooking on time re- 
quired to manufacture Cheddar cheese from, 
757 

powder, 
whole spray dried, redispersion of, 565* 
whole, with and without surfactants, factors 

influencing self-dispersion of, 565* 

production, 
Babassu meal in rations for, 580* 
effect of prepartum milking on, 168 
effect of somatotropin upon, 589* 
effeet of vacuum level and milking duration 


on, 595*; 1223 
effect of varied milking intervals and oxytocin 
on, 590* 


influence of water hardness on, 596* 
relative value of various forms of alfalfa for, 
1140 
products, 
cavitation in homogenization of, 64 
dried, measurement of particle size of, 905 
protein, reaction of lactose-1-C“ with, 766 
proteins, 
distribution among skimmilk, buttermilk and 
butter serum from the same whole milk, 
568* 
essential amino acids in, 859 
proteolysis by S. lactis grown in, 562* 
quality, as affected by types of pipeline installa- 
tions and sanitation procedures, 303 
quantity, effect of prepartum milking upon, 1178 
raw, activity of bacteria and enzymes in, 562* 
raw skim and heated, ionie equilibria in, 560* 
raw, skim, effect of resins on salt content of, 
559* 
raw, skim, ion-exchange method for ionie equi- 
libria in, 559* 
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replacement diet, with and without aureomycin, 
B-vitamins in blood of calves fed, 593* 
replacement feeding, frequency, effects on calves, 
592* 
replacements, containing 
calves to, 600* 
sanitation aspects of dairy cattle housing, 607* 
secretion of calcium into, 590* 
secretion, perfusion technique in tracer studies 
of, 589* 
serum proteins, 
characterization of heat-labile loaf volume 
depressant of, 569* 
denaturation at 180-290° F., 568* 
skim and nonfat dry, effect of heat on sulfhy- 
dryl groups in, 427 
skim, frozen condensed, baking properties of, 
752 
solids, nonfat, reconstituted, stimulatory factor 
for rapid growth of lactic streptococci in, 608 
techniques used in Babeock testing of, 450 
toxaphene and chlordane content of, as a result 
of feeding, 1172 
transmission and reflectance of light by, 572* 
variations in freezing point of, 924 
Milking duration, effect on udder health, 504 1223 
Milking, prepartum, effect on production and time 
required to reach peak of lactation, 168 
Milking, prolonged, effect on production, rate of 
flow, and milking time, 596* 
Milking time, in cattle in relation to concentrate 
fineness and water content, 1279 
Mixing, by air agitation in milk tanks, 565* 
Mixing liquids, by agitation with air, 564* 
Molasses, added to 3:2 hay to grain ratio, effect 
on performance of calves, 1319 
Monster, acardiac, from a cow, 1299 


whey, response of 


N ITRATE poisoning, in cattle, and use of 
ammonium nitrate as pasture fertilizer, 583* 
Nitrogen, distribution in ice cream, effect of stor- 

age on, 570* 
Nitrogen, requirements of Ps. putrefaciens, 414 
Nitrogen retention, effect of hay: grain ratio and 
rumen inoculations on, 1326 
Noseprints, monozygotic cattle, similarities of, 11 
Nutrient deficiencies, of southeastern hays, 854 
Nutrients, passage from rumen, effect of aureo- 
myein on, 253 


Ovrsrarine, from sires used in artificial breed- 
ing, evaluating type and production of, 606* 
Oligosaccharides, formed during lactase hydrolysis 

of lactose, chromatographic observation of, 620 
Orchard grass, composition of lignin from, 346 
Orchard grass hay, digestion of constituents by 

milking cows, 334 
Gutdoor pens vs. barn, for raising calves, 602* 
Ovary, distribution of phosphatase, glycogen, and 

Schiff-positive substances in follicles of, 587* 
Ovulation, in the hormone-stimulated calf, 274 
Oxidized flavor(s), 

aseorbie acid and, 572* 

influence of protein hydrolysis on susceptibility 

of milk to, 98 
of milk, effect of chelating compounds upon, 
571* 
Oxytocin, 

effect on conception rate of cows, 587* 

effect on milk production, 590* 

milking with, effect on butterfat percentage and 

saponification number, 590* 
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Panesis, parturient, blood levels of inorganic 
and organic constituents in cows with, 39 

Particle size, of dried milk products, measure- 
ment of, 905 

Parturition, 

Plasma carotene and vitamin A levels in cows, 
before and after, 583* 
white blood cells at, 597* 

Pasteurization, 

HTST, destruction of psychrophilic bacteria in 
milk by, 570* 
of milk at high temperatures, 356 
Pasteurizers, HTST, overholding in, 614 
Pasture, 
effect of irrigation on, 596* 
fertilizer, nitrate poisoning in cattle and use of 
ammonium nitrate as, 583* 

herbage consumption, procedure for measuring, 
583* 

herbage, digestibility of carbohydrate fractions 
of, 1006 

management in the rotation plan, 605* 

vs. dry lot feeding, for bulls in artificial breed- 
ing, 199 

Penicillin, added to 3:2 hay to grain ratio, effect 
on performance of calves, 1319 

Penicillium roqueforti, characteristics of the lipase 
system of, 1285 

Penkeeping system, testing bulls under, 57 

Phosphorus, distribution among skimmilk, butter- 
milk, and butter serum from the same whole 
milk, 568* 

Physiological changes, in cattle, caused by stress, 
1036 

Pipeline, milk, labor requirements for operation 
of, 596* 

Pipelines, in dairy barns, milk quality as affected 
by types of installations and sanitation pro- 
eedures, 303 

Pituitary gland histology, as related to reproduc- 
tion in cattle, 604* 

Plant pigments, use as marker in digestion trials, 
582* 

Plasma, 
blood, of calves, effect of diet on diurnal varia- 

tions of lipides in, 591* 
ealf, methods for estimation of vitamin A in, 783 
ealf, protein-bound iodine levels in, 363 
eattle, protein-bound iodine levels in, 33 

Plasma lipids, effect of dietary lipids on, 832 

Prepartum milking, effect on milk quantity, 1178 

Produetion, body form in relation to, 584* 

Production characteristics, of crossbred, backcross 
and purebred Red-Sindhi cattle, 678 

Production traits, in cattle, sire by herd inter- 
action in, 585* 

Propionibacterium 
growth of, 574* 

Propionie acid, in cheese, chromatographic deter- 
mination of, 808 

Protein, 
cheese, influence of processing on electropho- 

retic pattern of, 574* 
hydrolysis, influence on susceptibility of milk to 
oxidized flavor development, 98 
milk serum, characterization of heat-labile loaf 
volume depressant of, 569* 
milk serum, denaturation at 180-290° F., 568* 
replacement, for ruminants, urea as, 955 
seminal plasma, characterization of, 579* 
source, in concentrates, cottonseed vs. cottonseed 
meal and corn as, 1308 


shermanii, effects of pH on 
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supplements, in concentrates for milking cows, 
distillers feeds as, 1135 
type, effect on response of calves to aureomycin, 
45 
whey, electrophoretic properties of, 567* 
Proteolysis, by S. lactis in milk, 1104 
Pseudomonas fragi, 
characterization of lipase from, 459 
factors affecting lipase production by, 471 
iipase action in cream and butter, 481 
Pseudomonas putrefaciens, 
nitrogen requirements of, 414 
utilization of carbon compounds by, 645 


Quarernany ammonium compounds, method 
for determining concentration in water and milk, 
225 

Quaternary ammonium compound, used in modi- 
fied Babcock test, 87 


R AT, effeet of previous lactose feeding on intes- 
tinal absorpticn of lactose in the, 7 
Ration, 
dairy cattle, corn cobs and Purdue supplement A 
as, 581* 
effect on volatile fatty acid production in the 
rumen, 599* 
growth, feed consumption, and utilization by 
ealves affected by variations in, 717 
indicator methods in measuring contribution of 
forages to, 445 
Rations, 
ealf, aureomycin supplementation of, 633 
rattle, effects of adding ground hay to, 580* 
complete, containing dehydrated alfalfa, effect 
on growth and carotene intake of calves, 235 
different, effect on numbers and groups of rumen 
bacteria, 218 
for milk production, Babassu meal and molasses 
in, 580* 
grain, for cows on pasture, 580* 
Refractoriness, of cows superovulated with gonado- 
trophins, 1083 
Relaxin, effect on bovine cervix, 772 
Rennet, changes in casein by action of, 569* 
Reproduction, 
abnormalities of, 607* 
in cattle, 
carotene requirements for, 52 
pituitary gland histology as related to, 604* 
Reproductive rate, in cattle, 587* 
Resins, effect on salt content of raw skimmilk, 559* 
Resin membranes, ion-exchange, use in study of 
ionie equilibrium in milk, 560* 
Roughage, comparison of chopped, ground, and 
pelleted alfalfa as a sole source of, 1140 
Roughage: concentrate ratios, for calves, 601* 
Roughage diet, special, milk fat from cows on, 
561* 
Roughage, high, effect of aureomycin feeding on 
ealves raised on, 593* 
Roughage vs. grain fed animals, comparison of 
rumen flora and environment in, 587* 


_ Rumen bacteria, 


amino acid metabolism of, 1117 
eatabolie reactions of, 825 
catabolism of carbon compounds by, 588* 
cultural methods for and characteristics of, 205 
dissimilation of amino acids by, 588* 
nutritional requirements of, 588* 

Rumen, bovine, bactericlogy of, 115 


‘ 


1360 


Rumen digestion, effect of aureomycin on, 253 
Rumen, effeet of aureomycin on amino acids and 
B vitamins in the, 495 
Rumen, effect of ration on 
production in the, 599* 
Rumen flora 
and environment, in roughage vs. 
animals, comparison of, 587* 
of heifers fed alfalfa silage, 588* 
Rumen inoculations and hay: grain ratio, effect on 
digestion and nitrogen retention, 1326 
Rumen inoculations, effeet on digestion and nitro- 
gen retention in high roughage fed calves, 600* 
Rumen, numbers and groups of bacteria in the, 218 
Rumen studies on normal and ketotiec cows, 5)7* 
Ruminants, urea as a protein replacement for, 955 


S ALT, 


block vs. loose, consumption by cattle, 762 
trace mineralized, influence on vitamin Bi: and 
folie acid in goat’s milk, 29 
Sanitation, of teat-cup liners, method for studying, 
391 
Seours, slacked lime as preventive of, 319 
Semen, 
characteristies, effect of feeding thiouracil on, 
comparison of homogenized whole milk and egg 
yolk-phosphate as diluters for, 673 
decline in fertility during storage, as influenced 
by dilution rate, 1182 
diluted, metabolic measurements of, 578* 
diluted, penicillin streptomycin-resistant 
microorganisms in, 579* 
dilution with frozen egg yolk-sodium citrate, 181 
dosage, concentration, and site of deposition, 
effect on fertility in artificial insemination, 
576* 
extender, evaporated milk as a, 578* 
fertility of cows related to site of deposition, 
dosage, and numbers of spermatozoa in, 1031 
frozen, breeding results with, 578* 
heated homogenized milk as diluter for, 1016 
influence of incubation on fructose and lactie 
acid of, 578* 
levels of fructose and citric acid as related to 
fertility of, 1020 
occurrence of antibiotic resistant bacteria in, 
1097 
production, and sexual behavior of bulls, 576* 
production, effects of climatic changes on, 934 
quality, and bull fertility, importance of num- 
bers of spermatozoa in relation to, 1301 
quality, influence of testes biopsy on, 1165 
quality tests, relation to breeding efficiency and 
characteristics of semen from low-fertility 
bulls before and after hormone injection, 422 
site of deposition related to fertility in heifers, 
577* 
storage at low temperatures, 577* 
Seminal plasma, 
characterization of, 579* 
conversion of seminal constituents to a basis of, 
579* 
Services, number required for conception, 1112 
Silage, 
corn, method for estimating value of, 583* 
forage crop, bacterial activity in, 603* 
grass, 
sodium metabisulfite as preservative for, 603* 
sugar and acids in, 385 
S*O. preserved, fed to lactating cow, 1205 


volatile fatty acid 


grain-fed 


SUBJECT INDEX OF ORIGINAL ARTICLES 


Silage conditioner, sodium metabisulfite as, 602* 
Silages, stored in gas-tight and in conventional 
silos, comparison of, 1190 
Sire-groups, of cows, atretie large follicles in, 1077 
Sire, service, influences on fertility rates of repeat 
breedings, 1072 
Sodium metabisulfite, 
2S grass silage preservative, 603* 
as silage conditioner, 602* 
Sodium propionate, use in control of ketosis, 597* 
Somatotropin, effect upon milk production and 
blood substances of lactating cows, 589* 
Soybean oil meal, special processed, use in feeds 
for calves, 600* 
Spermatogenesis, effect of high ambient tempera- 
ture on, 14 
Spermatozoa, 
aerobie uptake of glucose-C™ by, 579* 
extenders and techniques for the freezing of, 
577* 
factors affecting survival at sub-zero tempera- 
tures, 577* 
fertility and motility in boiled milk, 173 
fertility in buffered whole egg extenders con- 
taining antibiotics and glucose, 524 


in extenders containing antibacterial agents, 
erfects of freezing on, 728 
numbers, importance of in relation to semen 


quality and bull fertility, 1301 

resistance and storage as related to lipid and 
lipoprotein constituents of egg yolk, 733 

site of deposition, dosage, and numbers related 
to fertility, 1031 

technique of freezing and factors affecting re- 
vival of, 597* 

toxicity of terramycin HC] to, 293 

Starter cultures, 

nutritional requirements of lactic streptococci 
isolated from, 161 

stimulatory factor for rapid growth of lactic 
streptococci isolated from, 608 

Starters, 
lactic, differences in sensitivity to antibiotics, 

1241 
short activity test for, 573* 

Stilbestrol induced lactation, effect on goats, 1089 

Stomach, ruminant, influence of diet on develop- 
ment of, 599* 

Storage, low temperature, changes in bacterial 
counts and flavor of concentrated milks during, 
817 

Streptococci, 
lactic, 

adaptations of bacteriophage active against, 
563* 
mutations to bacteriophage resistance in, 563* 
stimulatory factor for rapid growth of, 608 
rumen, effect of aureomycin on, 843 

Streptococcus agalactiae, comparative resistance of 
milks to, 594* 

Streptococcus lactis, 
characteristics of an endocellular proteolytic 

enzyme system of, 1212 
proteolysis by, 562, 1104 

Streptococcus thermophilus bacteriophage, 
Swiss cheese whey, 185 

Stress, in cattle, physiological changes caused by, 
1036 

Sugar, in grass silage, 385 

Sugars, reducing, in milk, chromatographic studies 
of, 559* 

Sulfhydryl groups in skimmilk and nonfat dry 
milk, effect of heat on, 427 


from 


il 
‘ 
- 


SUBJECT INDEX OF ORIGINAL ARTICLES 


Sulfur, (S*), metabolie fate when S*O, preserved 
silage fed to lactating cows, 1205 

Sunlight flavor in milk, ar origin of, 572* 

Surface active agents, properties of butteroils pre- 
pared by use of, 516 

Surface active compounds, influence on accelerated 
oxidation of butteroii, 561* 

Surfactants, 
as calf growth stimulants, value of, 592* 
factors influencing self-dispersion of whole milk 

powder with and without, 565* 


Ton and energy value of feeds, relationship 
between, 

Teat-cup liners, surface deterioration and contam- 
ination of, 704 

Television, in the extension program, place of, 604* 

Temperature, 
effect on churning time of milk fat, 850 
high ambient, effect on spermatogenesis, 14 

Terramycin HCl, toxicity to spermatozoa and use 
in diluents, 293 

Test intervals, influence of, on estimation of yields 
of cows, 606* 

Testes biopsy, influence on semen quality, 1165 

Thiouracil, feeding, effect on seminal characteris- 
ties of bulls, 246 

Thyroactive supplement, and economy of winter 
feeding under a base-surplus marketing plan, 
582* 

Thyroprotein, feeding, 
effect on blood levels of inorganic iodine, pro- 

tein-bound iodine, and cholesterol in cows, 
1049 

to dairy cows, 657 

Toxaphene, in milk as a result of feeding, 1172 

Transplantations, suecessful, of fertilized bovine 
eggs, 520 

Twins, bovine, frequency of in utero vascular anas- 
tomosis in, as determined by blood typing, 597* 


Upper, health, 
effects of vacuum level and milking duration on, 
504; 595*; 1223 
Ultraviolet light, bactericidal effectiveness of, 563* 
Urea, as a protein replacement for ruminants, 955 
Urine, bull, androgenic substances in, 587* 
Uterus, in different endocrine states, bactericidal 
activity of, 586* 


1561 


Vacuum LEVEL, 
effect on production, rate of flow, and milking 
time, 596* 
effect on udder health, 504 
effects on udder health and milk production, 
1223 
Vegetable oils vs. butterfat, in the diet of calves, 
599* 
Vitamin A, 
added to milks, stability of, 572* 
depletion time in calves, estimation of, 591* 
in calf plasma, methods for estimation of, 783 
levels in plasma, before and after parturition, 
583* 
plasma levels in calves and goats, effect of ethyl 
aleohol on, 156 
relationship to development of hyperkeratosis 
(X-disease) in calves, 601* 
Vitamin B, 
effect of aureomycin on rumen concentration of, 
495 
in blood of calves fed milk replacement diet with 
and without aureomyein, 593* 
Vitamin Bu, 
content of milk, 24 
crystalline, calf requirement for, 592*; 997 
in goat’s milk, 29 
Vitamin C in milk, 2,4 dinitrophenylhydrazine test 
for, 573* 


Warer, 


hard and soft, influence on milk production, 596* 
method for determining quaternary ammonium 
compounds in, 225 
temperature, effect on redispersion of spray- 
dried whole milk powder, 565* 
Wettability, of dried whole milk, factors involved 
in, 566* 
White blood cells, at parturition and after ACTH 
administration, 597* 
White particles, in cheddar cheese, composition of, 
368 
Whiteside test, use in detecting mastitis herd milk, 
595* 
WIA, 
in butter, bacterial production of, 794 
in cream and butter, factors affecting, 560* 
production during cream deterioration, 799 


AUTHOR INDEX TO ORIGINAL ARTICLES* 


M. F., blood constituents in parturient 
cows, 39 

Apams, R. S., vegetable oils vs. batterfat in diet 
of calves, 599* 

ArrspruNnG, H. E., method for ionie equilibria in 
complex systems, 559*; ionie equilibrium in 
milk, 560*; ionic equilibria in raw and heated 
milks, 560* 

AGARWALA, O. P. production 
Red Sindhi cattle, 678 

ALBrReEcut, T. W., manufacture of cheddar cheese, 


characteristics of 


ALEXANDER, M. H., permanent pipelines in dairy._ 


barns, 303; time requirements for pipeline oper- 
ations, 526* 

ALForD, J. A., protein and response of calves to 
aureomycin, 45; antibiotic resistant microorgan- 
isms in semen, 579*; antibiotic resistant bac- 
teria in diluted semen, 1097 

ALLEN, N. N., effeet of alcohol on plasma vitamin 
A, 156 

ALLEN, R. S., lipid requirements of calves, 591* ; 
B-vitamins in calves on milk replacement dict, 
593*; blood plasma lipids of calves, 832 

ALMQuiIstT, J. O., boiled milk as semen diluter, 
173; sexual behavior and semen produetion of 
bulls, 576*; causes of infertility in heifers, 586* 

Aumy, E. F., ion exchange chromatography, 1248 

ANDERSON, A. W., nutritional requirements of lac- 
tic streptococci, 161; stimulatory factor for 
starter cultures, 608 

ANDERSON, E. O., modified Babcock test, 87; leuco- 
cyte count of herd milk compered to incidence 
of mastitis, 1267 

ANDREWS, R. H., destruction of psychrophilic bae- 
teria by pasteurization, 57()* 

AnTHONY, W. B., cottonseed 
ralves, 601* 

ARCHIBALD, J. G., sugar and aeids in grass silage, 
385 

ARMSTRONG, T. V., chromatographic detection of 
foreign fats, 566* 

ARNOLD, F. J., television in the extension program, 
604* 

ARNOLD, K. J., estimating bull fertility, 260 

ARNOLD, P. T. D., tenure of bulls in artificial 
studs, 575* 

ARRINGTON, L. R., oxidized flavor in milk, 571* 

ASCHBACHER, P. W., optimum time for insemina- 
tion, 576* 

ASDELL, 8S. A., inheritance of breeding efficiency, 
909 

ATHERTON, H. V., bacteria in refrigerated bottled 
milk, 570* 

ATKESON, F. W., aureomycin and calf growth, 103; 
feeding aureomycin to lactating cows, 402; 
effect aureomycin and calf growth, 604*;  her- 
editary edema in Ayrshires, 598* 

AutTREY, K. M., raising dairy calves, 602* 

AvAMPATO, J. E., effect of dehydrated alfalfa on 
ealves, 235; vitamin A in calf plasma, 783 


meal toxicity in 


i F. J., bacteria and enzymes in raw milk at 
4.4° C., 562* 


* Abstract of paper presented at the annual 
meeting. 
* Prepared by W. O. Nelson, Univ. of Illinois. 


Barrp, D. M., and deficiencies of 
hays, 854 

Baker, J. M., method for ionic equilibria in com- 
plex systems, 559*; ionie equilibrium in milk, 
560*; ionie equilibria in raw and heated milks, 
560* 

BAKER, M. P., bacteria counts of milk, 570* 

BaLpwin, R. R., metabolic fate of S® in the lae- 
tating cow, 1205 

Barper, F. W., miniature cheese technique, 573* 

Bartley, E. E., aureomyein and calf growth, 103; 
feeding aureomycin to lactating cows, 402; di- 
gestibility of colostrum and milk, 489; aureo- 
myein and calf growth, 604* 

Bassett, H. J. heat resistance of lactobacilli, 409 

Bastin, G. M., adding ground hay to rations, 580* ; 
surfactants as calf growth stimulants, 592* 

BavuGHMAN, R. W., cottage cheese quality, 573* 

Bay Ley, N. D., estimating bull fertility, 260 

BEALL, G., effect of dehydrated alfalfa on calves, 
235; vacuum level, milking duration, and udder 
health, 504; vitamin A depletion in calves, 
591*; effects of vacuum level and prolonged 
milking, 596* 

Becker, R. B., tenure of bulls in artificial studs, 
575* 

BetL, R. W., baking properties of frozen con- 
densed skimmilk, 752 

BERNHOLDT, H. F., development of the ruminant 
stomach, 599* 

Berovsek, E. R., carotene requirements for repro- 
duction, 52; aureomycin and growth of calves, 
593* 

BHALERAO, V., detection of substitute fats, 567* 

Biro, E. W., electrophoretic properties of milk 
proteins, 567*; distribution of proteins and 
minerals among skimmilk, buttermilk, and butter 
serum, 568* 

Biack, W. G., ovulation in hormone-stimulated 
ealf, 274; bactericidal activity of the uterus, 
586* 

Biock, R. J., sulfhydryl groups in milk, +27 

Bioom, aureomycin supplementation of calf 
rations, 633 

Biosser, T. H., blood constituents in parturient 
cows, 39; water hardness and milk production, 
596* 

BoatMan, J. P., effeet of thiouracil on seminal 
characteristics, 246 

Boupt, R. E., folie acid and vitamin Bi: in cow’s 
milk, 24, in goat’s milk, 29 

BomstEIN, R. A. (Mrs.), folie acid and vitamin Bu 
in cow’s milk, 24 

Boyp, J. C., keeping quality of pasteurized milk, 
571* 

Brapt, C. G., brucellosis in the United States, 604* 

BRANTON, (., pasture vs. dry lot feeding, 199; re- 
sponses of cows to temperature and humidity, 
585*; climatic changes and fertility, 934; num- 
bers of spermatozoa in relation to semen quality 
and bull fertility, 1301 

BratTTon, R. W., extenders containing antibiotics, 
524 

BRATZLER, J. 
603* 

Brost, B., services required for conception, 1112 

Brown, D. C., slacked lime as preventive of scours, 
319 

Brown, R. E., dissimilation of amino acids by 
rumen bacteria, 588*; rumen studies on normal 
and ketotie cows, 597*; catabolic reactions of 


digestibility 


W., preservative for grass silage, 


1362 


il 


AUTHOR INDEX OF ORIGINAL ARTICLES 


rumen bacteria, 825; amino acid metabolism of 
rumen bacteria, 1117 

Bryant, M. P., cultivation of rumen bacteria, 205; 
effect of ration on rumen bacteria, 218; rumen 
flora of heifers fed silage, 588* 

Buckner, P. J., transplantations of fertilized 
bovine eggs, 520; refractoriness of cows re- 
peatedly superovulated, 1083 

Burgess, W. H., bactericidal effectiveness of ultra- 
violet light, 563*; transmission and reflectance 
by milk, 572* 

Burewanp, L. H., 
teria, 571* 

Burkey, L. A., cultivation of rumen bacteria, 205; 
effect of ration on rumen bacteria, 218; rumen 
tlora of heifers fed silage, 588*; bacterial ac- 
tivity in silage, 603* 

Burris, D. V., digestibility of colostrum and milk, 
489 

Byrns, J. H., influence of testes biopsy on semen, 
1165 


growth of psyehrophilic bac- 


ee C., mixing liquids by agitation with 
air, 564* 

CAMPBELL, L. 
1190 

Carp, C. 
599* 

CARLETON, W. M., cavitation in homogenization, 64 

CARNEIRO, G. G., testing dairy bulls in Brazil, 57 

CARPENTER, M. C., dosage, concentration and site 
of semen deposition, 576*, 1031 

Carr, P. H., S. thermophilus bacteriophage, 185 

Carter, R. H., feeding methoxyehlor to cows, 309; 
feeding aldrin to dairy cows, 584*; toxaphene 
and ehlordane in milk, 1172 

Casapy, R. B., effect of temperature on spermato- 
gensis, 14 

Castipa, L. E., ovulation in hormone-stimulated 
ealf, 274; bactericidal activity of the uterus, 
586*; age at puberty in heifers, 584*; atretic 
large follicles, 1077 

CHaNncE, C. M., antibiotics in rumen digestion, 
253; effect of aureomyein in the rumen, 495; 
effect of aureomycin on rumen microorganisms, 
743 

CHESNIN, L., nitrate poisoning in cattle, 583* 

Cuitson, W. H., detection of foreign fats, 566*; 
milk fat and roughage diets, 561* 

Cristian, R. E., ovulation in hormone-stimulated 
ealf, 274 

Cuune, A. C., effect of somatotropin upon milk 
production, 589* 

CLawson, G. R., alfalfa vs. prairie hay for calves, 
594* 

CLAYBAUGH, G. A., non-sporulating anaerobic bac- 
teria from dairy products, 561* 

CLaypon, T. J., sanitary condition of teat-cup 
liners, 391; contamination of teat-cup liners, 
707 

Ciirron, C. M., lactational differences in butterfat 
percentage, 584* 

CoLuins, E. B., adaptations of bacteriophage, 563* 

CoLutns, R. A., folie acid and vitamin Bi: in cow’s 
milk, 24; in goat’s milk, 29 

Couns, W. J., evaporated milk as semen extender, 
578* 

Comar, C. L., calcium metabolism in dairy cows, 
373; secretion of calcium into milk, 590* 

Conrap, H. R., performance of calves on high 
roughage, 593*; rumen inoculations and diges- 
tion in calves, 600*; rumen response to rations 


E., comparisons of stored silages, 


S., fatty acid production in the rumen, 


1363 


in the ealf, 717; calf growth, feed consumption, 
and utilization of a 3:2 ratio of hay to grain, 
1319; effeets of rumen inoculations and hay:- 
grain ratio on digestion and nitrogen retention, 
1326 

CouLTEer, S. T., denaturation of milk serum pro- 
teins, 568; determination of peroyide values of 
butterfat, 561*; stability of added vitamin A 
in milk, 572* 

Cowan, R. L., preservative for grass silage, 603* 

Cox, D. S., stability of added vitamin A in milk, 
572* 

CRAINE, E. M., carbohydrate metabolism of mam- 
mary gland homogenates, 589*; conversion of 
glucose to galactose, 590* 

CrILLy, J. B., blood constituents in parturient 
cows, 39 

Cross, D. S., 
heifers, 1058 

Crowe, L. K., WIA in cream and butter, 560* 

CROWLEY, J. W., effect of alcohol on plasma vita- 
min A, 156 

Crown, R. M., oral vs. intramuscular administra- 
tion of aureomyecin, 593* 

Cupps, P. T., semen characteristics and breeding 
efficiency, 422; histology of the pituitary gland 
and reproduction in cattle, 604* 


mammary gland development of 


Dscx: G. M., C. botulinum in surface ripened 
cheese, 563* 

DAHLBERG, A. C., a semi-automatie cryoscope, 916; 
variations in freezing points of milk, 924 

Daron, H. L., effeet of concentrate fineness and 
water content on eating and milking times in 
rattle, 1279 

D’ARENSBOURG, G., pasture vs. dry lot feeding, 199 

Davis, H. P., reproductive rate in Holstein cattle, 
587*; services required for conception, 1112 

Davis, L. R., outdoor pens vs. barn for raising 
ealves, 602* 

Davis, R. F., ‘‘unidentified lactation 
581* 

Davis, R. N., dried grapefruit pulp as a coneen- 
trate, 112 

Davis, R. R., grain rations for cows on pasture, 
580* 

Drang, D. D., S. thermophilus bacteriophage, 185; 
cottage cheese quality, 573* 

DENTON, T. W., surfactants as calf growth stimu- 
lants, 592* 

Dickson, W. M., urinary estrogen excretion during 
gestation, 586* 

Doan, F. J., bacteria in refrigerated bottled milk, 
570* 

DoetscH, R. N., bacteriology of the bovine rumen, 
115; catabolism of carbon compounds by rumen 
bacteria, 588*; nutritional requirements of 
rumen bacteria, 588*; catabolic reactions of 
rumen bacteria, 825; amino acid metabolism of 
rumen bacteria, 1117 

Doter, K. L., effeet of dehydrated alfalfa on 
235 

Donker, J. D., effect of hourly milking and oxy- 
tocin on butterfat, 590*; effect of milking 
intervals and oxytocin on production, 590* 

Donono, H. R., lactational differences in butterfat 
pereentage, 584* 

Dracy, A. E., monozygotic cattle noseprints, 11; 
dilation of the bovine cervix, 772 

Drener, W. H., diluters for semen, 673 

Dunbar, R.S., heritability of fertility, 1063 

Duncan, C. W., antibiotics in rumen digestion, 


factors,’’ 


1364 


253; effect of aureomycin in the rumen, 495; 
vitamin Bi: requirements of the young calf, 
592*; effect of aureomycin on rumen microor- 
ganisms, 743; essential amino acid content of 
milk proteins, 859; vitamin Bi: sequirement of 
dairy calves, 997 

DuNKLEY, W. L., mixing liquids by agitation with 
air, 564*; mixing by air agitation in horizontal 
milk tanks, 565* 

Dunn, H. O., extenders containing antibictics, 
524; breeding results with frozen semen, 578*; 
extenders and techniques for freezing spermato- 
zoa, 577*; effects of freezing spermatozoa, 728 

Darux, P. J., application of the electroejaculation 
technique, 598* 


| H. D., effeet of preparatum milking on 
milk production, 168, a correction, 192; effect 
of dehydrated alfalfa on calves, 235; vacuum 
level, milking duration and udder health, 504; 
vitamin A depletion in calves, 591*; effeets of 
vacuum level and prolonged milking, 596*; 
vitamin A in calf plasma, 783; chopped, ground 
and pelleted alfalfa, 1140; effects of vacuum 
ievel and milking duration on udder health and 
milk production, 122% 

Eaten, O. N., stilbestrol induced lactation, 1089 

EH ers, M. H., fructose and lactic acid in semen, 
578*; homogenized milk as semen diluter, 1016; 
semen fructose and citric acid, 1020 

Evprines, F. E., hereditary edema in Ayrshires, 
598* 

P. nutritional requirements of lactie 
streptococei, 161; determination of QAC’s in 
water and milk, 225; short activity test for 
starters, 573*; stimulatory factor for starter 
cultures, 608; effect of bacteria on biacetyl, 843 

Euuiorr, F. L., effect of dehydrated alfalfa on 
ealves, 235; vacuum level, milking duration and 
udder health, 504; effeets of vacuum level and 
prolonged milking, 596*; chopped, ground and 
pelleted alfalfa, 1140 

ELVEHJEM, C. A., folie acid and vitamin Bi in 
cow’s milk, 24, in goat’s milk, 29 

E.y, F., lactational differences in butterfat per- 
centage, 584*; in utero vascular anastomosis in 
bovine twins, 597* 

Ety, R. E., feeding methoxychlor to cows, 302; 
digestion trial techniques, 325; digestibility of 
orehard grass, 334; composition of lignin from 
orchard grass, 346; feeding aldrin to dairy 
cows, 584*; estimation of dry matter consump- 
tion, 582*; 637; toxaphene and chlordane in 
milk, 1172 

ENGEL, R. W., corn cobs in rations, 580* 

Exp, R. E., conversion of seminal constituents to a 
plasma basis, 579*; estimation of yields of 
dairy cows, 606*; homogenized miik as semen 
diluter, 1016; semen fructose and citrie acid, 
1020; service sire influences on fertility, 1072 

Ewa tt, H. P., irrigation in the western states, 605* 


Fux. H., aureomycin milk and serum concentra- 
tions, 152 

Ferereuson, L. C., in utero vascular anastomosis in 
bovine twins, 597* 

Fincuam, R. C., effeets of aureomycin feeding to 
heifers, 594* 

Fiscuer, J. E., lactose absorption in the rat, 7 

Firzpatrick, M., electrophoretic pattern of cheese 

protein, 574* 


AUTHOR INDEX OF ORIGINAL ARTICLES 


FLERCHINGER, F. H., fructose and lactie aeid in 
semen, 578*; conversion of seminal constituents 
to a plasma basis, 579*; homogenized milk as a 
semen diluter, 1016; semen fructose and citric 
acid, 1020; service sire influences on fertility, 
1072 

Fuirse, R. J., aerobic uptake of gluecose-C“ by 
spermatozoa, 579*; reaction of lactose with milk 
protein, 766 

Forster, T. L., oxidized flavor in milk, 98 

FosGate, O. T., age at puberty in heifers, 584* ; 
atretic large follicles, 1077 

Foster, E. M., gas defect in Swiss cheese, 1272 

FouNTAINE, F. C., aureomycin and ealf growth, 
103; feeding aureomycin to lactating cows, 402; 
aureomycin and calf growth, 604* 

Fran, H., miniature cheese technique, 573* 

FRIEDMAN, M. E., proteolytic activity of B. linens, 
562*; proteolytic enzymes from B. linens, 1124 

Fry, J. M., grassland farming, 605* 

Frye, J. B., JR., heat tolerance of heifers, 585* 

Fryer, H. C., aureomycin and calf growth, 103 

Fur.onG, T. E., determination of QAC’s in water 
and milk, 225 

FusseE.u, J. M., oral vs. intramuscular administra- 
tion of aureomycin, 593* 


Ga. L. S., rumen flora in roughage vs. grain-fed 
animals, 587* 

Gatuiup, W. D., carotene requirements for repro- 
duction, 52; alfalfa vs. prairie hay for calves, 
594* 

GANDER, J., vegetable oils vs. butterfat in diet of 
calves, 599* 

GARDNER, K. E., roughage: concentrate ratios for 
ealves, 601*; filled milk diets for veal calves, 
599* 

Gaunya, W. S., effeet of prepartum milking on 
production, 168 

Geppes, W. F., loaf volume depressant of milk 
serum proteins, 569* 

GEHRKE, C. W., method for ionie equilibria in 
complex systems, 559*; ionie equilibrium in 
milk, 560*; ionic equilibria in raw and heated 
milks, 560* 

Gitt, W. M., effect of somatotropin upon milk 
production, 589* 

GitmoreE, L. O., effect of thyroprotein feeding, 
1049 

GLENN, W., plating technie for Leuconostoc citro- 
vorum, 564* 

GoLpInG, N. S., short activity test for starters, 
573* 

Gorvon, A. L., loaf volume depressant of milk 
serum proteins, 569* 

Gorvon, C. H., sodium metabisulfite as a_ silage 
conditioner, 602*; comparison of stored silages, 
1190 

GouLp, I. A., free fatty acid content of ice cream, 
948 

Grar, G. C., corn cobs in rations, 580*; physio- 
logical changes caused by stress in cattle, 1036 

GRAHAM, D. M., mutation to bacteriophage resist- 
ance in lactic streptococci, 563* 

JRAHAM, E. F., monozygotic cattle noseprints, 11; 
technique for freezing spermatozoa, 597*; ap- 
plication of the electroejaculation technique, 
598*; dilation of the bovine cervix, 772 

GREENBANK, G. R., keeping quality of dried milk, 
566* 

Greoorre, A, T., effects of vacuum level and pro- 
longed milking, 596* 


AUTHOR INDEX OF ORIGINAL ARTICLES 


Grippixn, C. H., development of the ruminant 
stomach, 599* 

GULLET, V. N., leucocyte count of herd milk com- 
pared to incidence of mastitis, 1267 

GuLuickson, T. W., vegetable oils vs. butterfat 
in diet of calves, 599* 

Gururir, E. S., aseorbie acid and oxidized flavors, 
572* 

Guy, E. J., loaf volume depressant in milk serum 
proteins, 569* 


Hass, H. D., extenders and techniques for freez- 
ing spermatozoa, 577* 

Hagpere, E. C., changes in casein by action of 
rennet, 569*; electrophoretic pattern of cheese 
protein, 574* 

Hate, E. B., sexual behavior and semen production 
of bulls, 576* 

Hae, H. H., vacuum level, milking duration and 
udder health, 504, 595*; effeets of vacuum level 
and milking duration on udder health and milk 
production, 1223; leucocyte count of herd milk 
compared to incidence of mastitis, 1267 

Hau, C. N., evaluating type and production of 
offsprings from AI sires, 606* 

Hau, R. E., hyperkeratosis in calves, 601* 

Hat, S. R., Milbestrol induced lactation, 1089 

HANSEN, L. J., steel milk cans, 564* 

HANSEN, R. G., growth stimulators and inhibitors 
in forage, 581*; conversion of glucose to galac- 
tose, 590* 

Harpison, W. A., measuring pasture herbage con- 
sumption, 583* 

HARLAND, F. G., dried grapefruit pulp as a con- 
eentrate, 112 

HARLAND, H. A., determination of peroxide values 
of butterfat, 561*; denaturation of milk serum 
proteins, 568* 

Harper, W. J., white particles in cheddar cheese, 
368; detection of foreign fats, 566*; flavor 
development of Provolone cheese, 575*; vola- 
tile acids in cheese, 808; free fatty acid content 
of ice cream, 948 

HARRINGTON, R. V., metabolic fate of S*” in the 
lactating cow, 1205 

HARSHBARGER, K. E., plasma carotene and vitamin 
A, 583*; estimating the value of corn silage, 
583* 

Hart, E. B., folic acid and vitamin Bi: in eow’s 
milk, 24, in goat’s milk, 29 

Hatcuer, B., corn cobs and Purdue supplement A 
as a ration, 581* 

HatuHaway, I. L., nitrate poisoning in cattle, 583* 

Haver, S. M., response of calves to chromato- 
graphed milk, 603* 

Hawk, H. W., age at puberty in heifers, 584* 

Hawkins, G. E., JRr., raising dairy caives, 602* 

Hays, R. L., effeet of oxytocin and ep..ephrine on 
conception, 

HEINEMANN, B., testing milk by the Babcock test, 
450 

Heizer, E. E., estimating bull fertility, 260; stan- 
chion and loose housing barns, 281 

HENDERSON, C. R., extenders containing antibiotics, 
524; 
heritability of fertility, 1063 

Heruicn, H., raising dairy calves, 602* 

Herman, H. A., resistance and storage of sper- 
matozoa, 733; an acardiac monster from a cow, 
1299 

HerreEID, E. O., pasteurization at high tempera- 


inheritance of breeding efficiency, 909; - 


1365 


tures, 356; 2,4 dinitrophenylhydrazine test for 
vitamin C, 573* 

HERRINGTON, B. L., bactericidal effectiveness of 
ultraviolet light, 563*; transmission re- 
flectanee by milk, 572*; churning time at dif- 
ferent temperatures, 850; a semiautomatic cryo- 
scope, 916; variations in freezing points of 
milk, 924 

Hisss, J. W., performance of calves on high rough- 
age, 593*; rumen inoculations and digestion in 
ealves, 600*; rumen response to rations in the 
calf, 717; effect of thyroprotein feeding, 1049; 
ealf growth, feed consumption, and utilization 
of 3:2 ratio of hay to grain, 1319; effects of 
rumen inoculations and hay: grain ratio on di- 
gestion and nitrogen retention, 1326 

Hint, D. L., corn ecbs and Purdue supplement A 
as a ration, 581* 

Hinton, 8S. A., winter feeding thyroactive supple- 
ment, 582* 

Hirscu, M., monozygotic cattle noseprints, 11 

Hirt, F. S., redispersion of spray-dried whole milk, 
565* 

Hoekstra, W. G., hyperkeratosis in calves, 601* 

Ho.uanpb, R. F., churning time at different tem- 
peratures, 850 

Houuenpber, H. A., effect of feeds upon butterfat 
characteristics, 560*; accelerated oxidation of 
butteroil, 561*; self-dispersion of whole milk 
powder, 565* 

Honer, (. J., reducing sugars in milk, 559*; de- 
termination of lactose by paper chromatography, 
1233 

Hopper, J. H., filled milk diets for veal calves, 
599* 

Husanks, P. E., feeding methoxyechlor to cows, 
309; feeding aldrin to dairy cows, 584*; toxa- 
phene and chlordane in milk, 1172 

Hurr, J. 8., cottonseed meal toxicity in calves, 
601* 

HurrMan, C. F., antibiotics in rumen digestion, 
253; effect of aureomycin in the rumen, 495; 
vitamin By requirement of the young calf, 592* ; 
effect of aureomycin on rumen microorganisms, 
743; vitamin Bi: requirement of dairy calves, 
997; effect of concentrate fineness and water 
content on eating and milking times in cattle, 
1279 

HvuFNAGEL, C. F., effect of fat on keeping quality 
of dried milk, 566* ‘ 

HunTanen, C. N., rumen flora in roughage vs. 
grain-fed animals, 587* 

Hurst, V., frozen egg yolk-citrate semen diluter, 
181; site of semen deposition as related to fer- 
tility, 577* 

Hussone, R. V., plating medium for enterccocci, 
1; nitrogen requirements of Ps. putrefaciens, 
414; carbon utilization by Ps. putrefaciens, 645 

Huston, K. A., estimating bull fertility, 260 

Hyper, C. E., protein and response of calves to 
aureomycin, 45; oral vs. intramuscular adminis- 
tration of aureomycin, 593* 


- H. M., TDN and energy value of feeds, 
93; plant pigments as a marker in digestion 
trials, 582* 

Irvine, D. M., soft-ripened cheese, 575* 


J ACOBSON, D. R., tracer studies of milk secretion, 
589* 
Jacosson, N. L., lipid requirements of calves, 


591*; effects of replacement feeding on calves, 
592; plasma lipids of calves, 832 

Jacosson, W. C., digestion trial techniques, 325; 
digestibility of orchard grass, 334; composition 
of lignin from orchard grass, 346; estimation 
of dry matter consumption, 582*, 637 

JANzEN, J. J., wettability and dispersibility of 
dried milk, 566*; dried milk particle size, 905 

JARMAN, E. R., manufacture of cheddar cheese, 757 

JENNESS, R., determination of peroxide values of 
butterfat, 561*; denaturation of milk serum 
proteins, 568*; loaf volume depressant of milk 
serum proteins, 

JENSEN, C., oxidized flavor in milk, 98 

Jezeski, J. J., characteristics of the lipase of P. 
roqueforti, 1285 

Jouns, C. K., sensitivity of lactic starters to anti- 
biotics, 1241 

Jounson, B. C., filled milk diets for veal calves, 
599* 

Jounson, R. E., vacuum level, milking duration 
and udder health, 595*; chopped, ground and 
pelleted alfalfa, 1140; effects of vacuum level 
and milking duration on udder health and milk 
produetion, 1225 

Jounston, H. K., milk sanitation aspects of dairy 
eattle housing, 607* 

JOHNSTON, J. E., heat tolerance of heifers, 555°; 
responses of cows to temperature and humidity, 
585*; climatic changes and fertility, 984 

Jones, R. C., inheritance of breeding efficiency, 909 

Jorpan, W. K., overholding in HTST pasteurizers, 
614 

Josreruson, D. V., sunlight flavor in milk, 572* 


R. F., resistance and stcrage of 
spermatozoa, 733 

Kane, E. A., digestion trial techniques, 325; di- 
gestibility of orchard grass, 334; composition 
of lignin from orchard grass, 346; estimation 
of dry matter consumption, 582*, 637 

Kaneais, L. A., aureomycin milk and serum con- 
centrations, 152 

KaurMANN, O. W., destruction of psychrophilic 
bacteria by pasteurization, 570* 

Keener, H. A., metabolic fate of S* in the lae- 
tating cow, 1205 

KELUGREN, H. C., numbers of spermatozoa in re- 
lation to semen quality and bull fertility, 1301 

KENDALL, K. A., plasma carotene and vitamin A, 
583* 

Kenprick, J. F., sire by herd interaction in pro- 
duction traits, 585* 

Kester, L. T., WIA and butyrie acid in butter, 
794; production of WIA and butyrie acid dur- 
ing cream deterioration, 799 

Keyes, FE. A., effeet of prepartum milking on milk 
quantity, 1178 

Kina, W. A., blackstrap molasses for feeding, 580* 

Kinney, W. C., Jk., semen metabolism at various 
pH’s, 578* 

KIRTHISINGHE, B. P., short activity test for start- 
ers, 573* 

Knopt, C. B., ammoniated by-products as nitrogen 
for cattle, 581*; soybean oil meal in calf feeds, 
600*; aureomyein supplementation of ealf ra- 
tions, 633; mammary gland development of 
heifers, 1058; aureomycin in feed formulas for 
ealves, 1201 

Kosnal, J. H., effect of hourly milking and oxytocin 
on butterfat, 590*; effect of milking intervals 
and oxytocin on production, 590* 


1366 AUTHOR INDEX OF ORIGINAL ARTICLES 


Kosikowsky, F. V., cheese flavor production by 
chemicals, 574* 

Kricnevsry, P., growth stimulators and inhibitors 
in forage, 581*; conversion cf glucose to galac- 
tose, 590* 

KRIENKE, W. A., detecting butterfat adulteration, 
567*; improved eryoscopie techniques, 567* ; 
oxidized flavors in milk, 571* 

KRONENWET?, F. R., heat inactivation of B. abor- 
tus, 562* 

Krou ik, J. T., bacterial activity on forage p!ants, 
602*; bacterial activity in silage, 603* 

Kucera, J. L., electrophoretic properties of milk 
proteins, 567* 

KUuHLMAN, A. H., carotene requirements for repro- 
duction, 52 

Kumar, tracer studies of milk secretion, 589* 

KumMeErow, F. A., detection of substitute fats, 
567* 


R. C., semen characteristics and breeding 
efficiency, 422; histology of the pituitary gland 
and reproduction in cattle, 604* 

LAKSHMANAN, S., tracer studies of milk seerction, 
589* 

LAMAsTER, J. P., blackstrap molasses for feeding, 
580* 

LAMBERT, M. R., lipid requirements 0@ calves, 591* 

LARSEN, J. H., changes in blood sugar tevels, 601* 

Larson, B. L., seminal plasma proteins, 579*; 
growth stimulators and inhibitors in forage, 581* 

Larson, G. L., transplantations of fertilized bovine 
eggs, 520; effect of transportation on fertility 
ot bulls, 576*; breeding results with frozen 
semen, 578*; effects of freezing spermatozoa, 
728; effect of transportation on bull fertility, 
1186 

Lassirer, C. A., vitamin Bi: requirement of the 
young calf, 592*; surfactants as calf growth 
stimulants, 592*; vitamin Bi requirement of 
dairy calves, 997 

Lazear, E. J., in utero vaseular anastomosis in 
bovine twin; 597* 

Lear, S. A., heat inactivation of B. abortus, 562* 

LeGates, J. E., effect of temperature on spermato- 
genesis, 14; sire by herd interaction in produe- 
tion traits, 585* 

LeicuTon, R. E., cottonseed meal toxicity in calves, 
601* 

LENGEMANN, F. W., salt consumption by cattle, 
762 

Lewis, R. C., protein-bound iodine levels in plasma, 
33, in the calf, 363 

Lone, J. E., flavor development of Provolone 
cheese, 575*; effect of thyroprotein feeding, 
1049 

Lov, C. C., cavitation in homogenization, 64 

Loos, J. K., ‘‘unidentified lactation factors,’’ 
581*; development of the ruminant stomach, 
599*; distillers feeds as protein supplements, 
1135 

Lucas, H. L., dosage, concentration, and site of 
semen (deposition, 576*, 1031 

Lupwick, T. M., lactational differences in butter- 
fat percentage, 584* 

LUECKE, R. W., effect of aureomycin in the rumen, 
495 

LUNDBERG, W. O., stability of added vitamin A in 
milk, 572* 

LuNpQuist, N. S., corn cobs and Purdue supple- 
ment A as a ration, 581*; response of calves 
to chromatographed milk, 603* 

Lusu, R. H., effeet of irrigation on pastures, 596* 


1 
6 


AUTHOR INDEX OF ORIGINAL ARTICLES 


| P., leueoeyte count of herd milk com- 
pared to incidence of mastitis, 1267 

Maaruper, N. D., ammoniated by-products as 
nitrogen for -attle, 581* 

MALKAMEsS, J. P., Jk., method for making cheddar 
cheese, 575* 

Marcu, R. P., overholding in HTST pasteurizers, 
614 

Marion, G. B., technique for freezing spermatozoa, 
597* 

Marvin, ©. M., me:suring pasture herbage con- 
sumption, 583* 

Maruer, D. W., self-dispersion of 
powder, 565* 

Maruer, R. E., babassu meal in rations, 580* 

MarrHews, ©. A., body form in relation to pro- 
duction, 584* 

Mayer, D. T., resistance and storage of spermato- 
zoa, 733 

Meap, S. W., semen characteristics and breeding 
efficiency, 422; histology of pituitary gland and 
reproduction in cattle, 604* 

Metser, J. A., Jk., nitrogen distribution in ice 
cream, 570* 

MELIN, C. G., sodium metabisulfite as a silage con- 
ditioner, 602*; comparisons of stored silages, 
1190 

Metzger, H. J., heat inactivation of B. abortus, 
562* 

Meyer, R. I., effect of heat on cheese products, 
574* 

Mickie, J. B., nitrogen distribution in ice cream, 
570* 

MIKOLAJCIK, E. M., growth of psychrophilie bae- 
teria, 571* 

Mites, J. T., cottonseed vs. cottonseed meal in 
eoncentrates for cows, 1308 

MILLER, G. D., responses of cows to temperature 
and humidity, 585* 

Miuuer, W. J., survival of spermatozoa at sub-zero 
temperatures, 577* 

MILLER, W. &., androgenic factor of cow feces, 296 

MITCHELL, C. D., method for making cheddar 
cheese, 575* 

MIxnerR, J. P., chromatographic separation of 
adrenal corticoids, 598* 

Mocnrig, R. D., effect of dehydrated alfalfa on 
alves, 235; vacuum level, milking duration and 
udder health, 504, 595*; effeets of vacuum level 
and prolonged milking, 596*; effects of vacuum 
level and milking duration on udder health and 
milk production, 1223 

R. A., calcium metabolism in dairy cows, 
373; secretion of calcium into milk, 590* 

Moopy, E. G., response of calves to chromato- 
graphed milk, 603* 

Moors, L. A., TDN and energy value of feeds, 93; 
effect of dehydrated alfalfa on calves, 235; 
feeding methoxychlor to cows, 309; digestion 
trial techniques, 325; digestibility of orchard 
grass, 334; composition of lignin from orchard 
grass, 346; estimation of dry matter consump- 
tion, 582*; feeding aldrin to dairy cows, 584*; 
estimation of dry matter consumption, 637; 
thyroprotein feeding to dairy cows, 657; 


whole milk 


chopped, ground, and pelleted alfalfa, 1140; 
toxaphene and chlordane in milk, 1172 

Morris, H. A., changes in milks at low tempera- 
tures, 817; characteristics of the lipase of P. 
roqueforti, 1285 

Moss, S., substances in ovarian follicles, 587* 


1367 


Mvucna, T. J., baking properties of frozen con- 
densed skimmilk, 752 

MvutLakz, V., denaturation of S-lactoglobulin, 569* 

Murthy, G. K., effeet of resins on salt content of 
milk, 559* 

Mus@raveE, S. D., alfalfa vs. prairie hay for calves, 
594* 

Myers, R. M., effect of temperature on spermato- 
genesis, 14 

McCartney, H. K., terramycin in semen diluents, 
293; storage of semen at —15° C., 577* 

McCut.LoueH, M. E., measuring forage contribu- 
tion to ration, 445; digestibility and deficiencies 
of hays, 854 

McFarren, E. F., chromatographic observation of 
oligosaccharides, 620 

McGuean, W. A., wettability and dispersibility of 
dried milk, 566* 

McIntire, J. M., redispersion of spray-dried whole 
milk, 565*; effect of heat on cheese products, 
574*; dried milk particle size, 905 

McIntyre, R. T., digestibility of colostrum and 
milk, 489 

McNEILLL, J. J., nutritional requirements of rumen 
bacteria, 588* 

McNutt, 8S. H., bactericidal activity of the uterus, 
586* 

McSuan, W. H., refractoriness cf cows repeatedly 
superovulated, 1083 


S. A., characteristics of fragi lipase, 
459; lipase production by Ps. fragi, 471; action 
of Ps. fragi lipase, 481; lipases of (rram-nega- 
tive bacteria, 698 

Netson, F. E., S. thermophilus bacteriophage, 
185; characteristics of Ps. fragi lipase, 459; 
lipase production by Ps. fragi, 471; action of 
Ps. fragi lipase, 481; non-sporulating anaerobic 
bacteria from dairy products, 561*; proteolysis 
by S. lactis, 562*; mutation to bacteriophage 
resistance in lactic streptococci, 563*; bacteria 
counts of milk, 570*; cottage cheese quality, 
573*; lipases of Gram-negative bacteria, 698; 
WIA and butyrie acid in butter, 794; produe- 
tion of WIA and butyrie acid during cream 
deterioration, 799; proteolysis by S. lactis, 
1104; proteolytic enzyme system of S. lactis, 
1212 

NELSON, T. S., growth stimulators and inhibitors 
in forage, 581* 

NELSON, W. O., nutrition and lipase production by 
G. candidum, 143; permanent pipelines in dairy 
barns, 303; nitrogen requirements of Ps. putre- 
faciens, 414; proteolytic activity of B. linens, 
562*; time requirements for pipeline operation, 
596*; carbon utilization by Ps. putrefaciens, 
645; proteolytic enzymes from B. linens, 1124 

NEVENS, W. B., estimating the value of corn silage, 
583* 

NEVILLE, W. E., JRr., digestibility and deficiencies 
of hays, 854 

Newsom, M. H., pasture vs. dry lot feeding, 199 

NIEDERMEIER, R. P., white blood cells at parturi- 
tion, 597* 

NIELSEN, A. J., changes in milks at low tempera- 
tures, 817 

NIELSEN, V. H., electrophoretic properties of milk 
proteins, 567*; distribution of proteins and 
minerals among skimmilk, buttermilk and butter 
serum, 568* 

Norton, C. L., aureomycin and growth of calves, 
593*; alfalfa vs. prairie hay for calves, 594* 


1368 


O KAMOTO, M., magnesium deficiency in the young 
ealf, 591* 

OLbs, D., dosage, concentration, and site of semen 
deposition, 576*, 1031 

Otson, J. C., Jr., changes in milks at low tempera- 
tures, 817 

OrDAL, Z. J., pasteurization at high temperatures, 
356 

OrMiIstTon, E. E., permanent pipelines in dairy 
barns, 303; effeet of oxytocin and epinephrine 
on conception, 587*; time requirements for pipe- 
line operation, 596* 

Overcast, W. W., manufacture of cheddar cheese, 


= R. B., effeet of bacteria on biacetyl, 848 

PARMELEE, C. E., effect of feeds upon butterfat 
characteristics, 560* 

Parrisu, D. B., digestibility of colostrum and 
milk, 489 

Parrick, T. E., pasture vs. dry lot feeding, 199; 
numbers of spermatozoa in relation to semen 
quality and bull fertility, 1301 

Parton, S., butteroils prepared by surface active 
agents, 516; sunlight flavor in milk, 572*; 
reaction of lactose with milk protein, 766; 
hippurie acid in milk, 943 

Perry, R. L., mixing liquids by agitation with air, 
564*; mixing by air agitation in horizontal milk 
tanks, 565* 

Peters, effeet of aging cream on fatty acids, 
268; WIA and butyrie acid in butter, 794; 
production of WIA and butyric acid during 
cream deterioration, 799 

PETERSEN, W. E., detecting mastitis herd milk, 
595*; antibiotic levels of milk, 595*; physio- 
logical changes caused by stress in cattle, 1036 

Puiuuirs, P. H., hyperkeratosis in calves, 601* 

PLastTRIDGE, W. N., vacuum level, milking dura- 
tion, and udder health, 504, 595*; effects of 
vacuum level and milking duration on udder 
health and milk production, 1223; leucocyte 
count of herd milk compared to incidence of 
mastitis, 1267 

Piatu, E., oxidized flavor in milk, 98 

Pium, M., reproductive rate in Holstein cattle, 
587* 

Poos, F. W., feeding methoxychlor to cows, 309; 
feeding aldrin to dairy cows, 584*; toxaphene 
and ehlordane in milk, 1172 

Porter, G. H., chopped, ground 
alfalfa, 1140 

Pov, J. W., inheritance of breeding efficiency, 909 

PouNDEN, W. D., resistance of milk to S. agalac- 
tiae, 594*; rumen response to rations in the 
ealf, 717; calf growth, feed consumption, and 
utilization of a 3:2 ratio of hay to grain, 1319 

Pratt, A. D., grain rations for cows on pasture, 
580*; resistance of milk to S. agalactiae, 594* 

Price, W. V., gas defect in Swiss cheese, 574*; 
1272; soft-ripened cheese, 575* 

Prouty, C. C., plating technie for L. citreverum, 


564*; short activity test for starters, 573 


and pelleted 


N. P., protein-bound iodine levels in 
plasma, 33, in the calf, 363; effect of concen- 
trate fineness and water content on eating and 
milking times in cattle, 1279 

RAMSDELL, G. A., heat effect on albumin and 

globulin, 437 


AUTHOR INDEX OF ORIGINAL ARTICLES 


Ramsey, D. S., cottonseed vs. cottonseed meal in 
concentrates tor cows, 1308 

Ramsey, H. A., diurnal variation of blood plasma 
lipides, 591* 

Rarcuirr, L., storage of semen at —15° C., 577* 

ReaD, J., slacked lime as preventive of scours, 319 

Reece, R. P., cell division in the mammary glands 
of rats, 589* 

Rep, J. T., measuring pasture herbage consump- 
tion, 583*; salt consumption by cattle, 762; 
urea as a protein replacement for ruminants, 
955; digestibility of pasture herbage, 1006 

REINBOLD, G. W., plating medium for enterococci, 
1; nitrogen requirements of Ps. putrefaciens, 
414; carbon utilization by Ps. putrefaciens, 645 

Rieu, L. H., pasture management in the rotation 
plan, 605 

RieHArps, C. 
1006 

RicHar”™son, C. W., aureomyecin and growth of 
calves, 593* 

Roane, G. D., comparisons of stored silages, 1190 

Roserts, H. R., chromatographic observation of 
oligosaccharides, 620 

Rosertson, W. G., chromatographic separation of 
adrenal corticoids, 598* 

RoBINsoN, R. Q., bacteriology of the bovine rumen, 
115; catabolism of carbon compounds by rumen 
bacteria, 588*; nutritional requirements of 
rumen bacteria, 588*; catabolic reactions of 
rumen bacteria, 825 

Rogers, L. V., baking properties of frozen con- 
densed skim nilk, 752 

RONNING, M., carotene requirements for repro- 
duction, 52; aureomycin and growth of calves, 
593* 

Ross, E. B., soybean oil meal in calf feeds, 600* ; 
aureomycin in feed formulas for calves, 1201 
Rousseau, J. E., JRr., vitamin A depletion in 

calves, 591* 

Rupe., I. W., cottonseed meal toxicity in calves, 
601* 

Rusorr, L. L., protein and response of calves to 
aureomyein, 45; oral vs. intramuscular adminis- 
tration of aureomycin, 593* 

Rutz, W. D., emulsion stability of dried cream, 
566* 

Rykaua, A. J., essential amino acid content of 
milk proteins, 859 

Ryser, F. C., S. thermophilus bacteriophage, 185 


R., digestibility of pasture herbage, 


S ADLER, A. M., method for making cheddar 
cheese, 575* 

Sacer, O. S., detergent test for butterfat, 606* 

SaLisscry, G. W., semen metabolism at various 
pH’s, 578*; seminal plasma proteins, 579* 

Sanpers, G. P., growth of P. shermanii, 574* 

Sarkar, B. C. Ray, essential amino acid content 
of milk proteins, 859 ; 

Saunpers, R., rumen flora in roughage vs. grain- 
fed animals, 587* 

Saurvrer, J. H., vegetable oils vs. butterfat in diet 
of calves, 599* 

Scurpper, I. A., detecting mastitis herd milk, 595* ; 
antibiotie levels of milk, 595* 

Scumipt, W., rumen flora in roughage vs. grain- 
fed animals, 587* 

Scuu.Ltz, L. H., sodium propionate control of 
ketosis, 597*; volatile fatty acid production in 


the rumen, 599* 
ScHuLTzE, A. B., androgenie substances in bull 
urine, 587* 


| 

w 
q 

‘ 


AUTHOR INDEX OF ORIGINAL ARTICLES 


Scort, H. M., growth stimulators and inhibitors in 
forage, 581* 

Seatu, D. M., dosage, concentration, and site of 
semen deposition, 576*, 1031; adding ground 
hay to rations, 580* 

SEIBERLING, D. A., operating characteristics of 
homogenizer valves, 564* 

SELL, O. E., digestibility and deficiencies of hays, 
854 

Suaw, A. O., estimation of yields of dairy cows, 
606* 

SHaw, J. C., TDN and energy value of feeds, 93; 
eatabolism of carbon compounds by rumen bac- 
teria, 588*; effect of somatotropin upon milk 
production, 589*; catabolic reactions of rumen 
bacteria, 825; amino acid metabolism of rumen 
bacteria, 1117 

SHEPHERD, J. B., sodium metabisulfite as a silage 
conditioner, 602*; comparisons of stored silages, 
1190 

SuHipr, W. F., a semi-automatic cryoscope, 916; 
variations in freezing points of milk, 224 

SHOTWELL, T. C., free fatty acid content of ice 
cream, 948. 

SILVERMAN, G. J., cheese 
chemicals, 574* 

Simmons, V. L., stilbestrol induced lactation, 1089 

Siuon, J., bactericidal activity of the uterus, 586* 

SrrotNAK, F. M., dissimilation of amino acids by 
rumen bacteria, 588*; amino acid metabolism 
of rumen bacteria, 1117 

Starter, W. L., heat resistance of lactobacilli, 409 

Situ, C. K., keeping quality of pasteurized milk, 
571*; effect of aureomycin on rumen microor- 
ganisms, 743 

SitnH, E. P., urinary estrogen excretion during 
gestation, 586*; effect of prepartum milking 
on milk quantity, 1178 

SmirH, Q. T., B-vitamin levels in calves on milk 
replacement diet, 593* 

Samira, S. E., salt consumption by cattle, 762 

SirnH, V. R., stanchion and loose housing barns, 
281; optimum time for insemination, 576*; 
white blood cells at parturition, 597* 

Sommer, H. H., white particles in cheddar cheese, 
368; milk fat and roughage diets, 561*; detee- 
tion of foreign fats, 566* 

Son, B. K., water hardness and milk production, 
596* 

Spragur, D. C., supplemental irrigation in the 
northeast, 605* 

Sprain, D. G., age at puberty in heifers, 584*; 
atretic large follicles, 1077 

Sraticup, O. T., terramycin in semen diluents, 
293; storage of semen at —-15" C., 577*; an 
neardiac monster from a cow, 1299 

Srern, J. F., soybean oil meal in calf feeds, 600* ; 
aureomycin in feed formulas for calves, 1201 

Sting, C. M., butteroils prepared by surface active 
agents, 516; determination of peroxide values 
of butterfat, 561* 

SroppArp, G. E., changes in blood sugar levels, 
601* 

SronakKer, H. H., production characteristics of 
Red Sindhi cattle, 678; 
Sindhi cattle, 688 

Srone, W. H., optimum time for insemination, 
576* 

Sronr, W. K., redispersion of spray dried whole 
milk, 565* 

Srurr, G. S., roughage: 
ealves, 601* 


flavor production by 


concentrate ratios for 


genetic changes in 


1369 


Stu, J. W., effect of light on milk, 1153 

SuLLIvVAN, R. A., changes in casein by action of 
rennet, 569*; electrophoretic pattern of cheese 
protein, 574* 

SUNDARESAN, D., production characteristics of Red 
Sindhi cattle, 678 

Surron, T. S., lactose absorption in the rat, 7 

Sutton, W. J. L., ion exchange chromatography, 
1248 

Swanson, A. M., white particles in cheddar cheese, 
368; wettability and dispersibility of dried milk, 
566*; denaturation of B-lactoglobulin, 569*; 
dried milk particle size, 905 

Swanson, E. W., effect of thiouracil on seminal 
characteristics, 246; calcium: metabolism in dairy 
cows, 373; winter feeding thyroactive supple- 
ment, 582*; secretion of calcium into milk, 590* 

SwWEETMAN, W. J., fertility of dairy cattle in 
Alaska, 598* 

Swern, M., plating medium for enterococci, 1 

Swert, W. W., body form in relation to produe- 
tion, 584* 

Swirt, R. W., preservative for grass silage, 603* 

Sykes, J. F., substances in ovarian follicles, 587* ; 
inheritance of breeding efficiency, 909; stilbes- 
trol induced lactation, 1089; response of hor- 
monally induced mammary tissue to anterior 
pituitary hormones, 1313 


, T. Y., causes of infertility in heifers, 
586*; abnormalities of reproduction, 607* 

Trert, A. E., metabolic fate of S* in the lactating 
cow, 1205 

TEICHMAN, R., vitamin A depletion in calves, 591* 

THACKER, D. L., boiled milk as semen diluter, 173; 
sexual behavior and semen production of bulls, 
576* 

Tuomas, E. L., changes in milks at low tempera- 
tures, 817 

Tuomas, J. W., magnesium deficiency in the young 
ealf, 591*; thyroprotein feeding to dairy cows, 
657 

TuHroop, B. T., effect of irrigation on pastures, 
596* 

TITTsLER, R. P., growth of P. shermanii, 574* 

TJEPKEMA, R., gas defect in Swiss cheese, 574*; 
1272 

Tosias, J., pasteurization at high temperatures, 
356; 2,4 dinitrophenylhydrazine test for vita- 
min ©, 573* 

TONELLI, G., aureomycin milk and serum ec ~cen- 
trations, 152 

TOUCHBERRY, R. W., estimating the value of corn 
silage, 583* 

Tove, 8S. B., diurnal variation of blood plasma 
lipides, 591* 

Town ry, V. H., denaturation of milk serum pro- 
teins, 568* 

Trout, G. M., keeping quality of pasteurized milk, 
571* 

Tuckey, S. L., reducing sugars in milk, 559*; 
determination of lactose by paper chromatogra- 
phy, 1233 

TuRNER, C. W., androgenic factor of cow feces, 
296 

TyYLer, W. J., age at puberty in heifers, 584*; 
atretic large follicles, 1077 


| L. C., ovulation in hormone-stimulated 
ealf, 274 


1370 AUTHOR INDEX OF ORIGINAL ARTICLES 


| N. L., survival of spermatozoa at 
sub-zero temperatures, 577*; effect of oxytocin 
and epinephrine on conception, 587* 

VAN DER ZANT, W. C., proteolysis by S. lactis, 562*, 
1104; proteolytic enzyme system of S. lactis, 
1212 

Van Horn, A. G., effect of irrigation on pastures, 
596* 

VERLINDEN, F. J., sire by herd interaction in pro- 
duction traits, 585* 

Visek, W. J., calcium metabolism in dairy cows, 
373; secretion of calcium into milk, 590* 

VoELKER, H., effects of replacement feeding on 
valves, 592*; effects of aureomycin feeding to 
heifers, 594* 

Voe.ier, E. H., lactational differences in butterfat 
percentage, 584* 


_ or R. O., C. botulinum in surface ripened 
cheese, 563* 

Watrter, H. E., method for making cheddar cheese, 
575* 

Warsrirron, V., cell division in the mammary 
glands of rats, 589* 

Warp, G. M., blood constituents in parturient 
cows, 39; vitamin Biz requirement of the young 
calf, 592*; vitamin Bi requirement of dairy 
calves, 997 

Warner, R. G., ‘‘ unidentified lactation factors,’’ 
581*; development of the ruminant stomach, 
599*; distillers feeds as protein supplements, 
1135 

Warkous, G. W., Jk., bacteria in refrigerated bot- 
tled milk, 570* 

Warts, D. E., modified Babeock test, 87 

Wess, J. H., diluters for semen, 675 

Wess'er, H. D., vitamin By requirement of the 
young calf, 592*; vitamin Bw requirement of 
dairy calves, 997 

Wuirtakek, M. W., effect of irrigation on pastures, 
596* 

WHITMAN, D. W., 2,4 dinitrophenylhydrazine test 
for vitamin C, 573* 


Wuitrnry, R. Mcl., effect of resins on salt con- 
tent of milk, 559* 

WuirtteEr, E. O., heat effect on albumin and globu- 
lin, 437 

Wintpastn, H. L., modified Babeock test, 87 

WILLARD, HI. S., stacked lime as preventive of 
scours, 319 

Witterr, E. L., transplantations of fertilized 
bovine eggs, 520; effect of transportation on 
fertility of bulls, 576*, 1186; breeding results 
with frozen semen, 578*; effects of freezing sper- 
matozoa, 728; refractoriness of cows repeatedly 
superovulated, 1083; decline in semen fertility, 
1182 

WILTBANK, J. N., atretic large follicles, 1077 

WINpDER, W. C., steel milk cans, 564*; emulsion 
stability of dried cream, 566* 

Wise, G. H., diurnal variation of blood plasma 
lipides, 591* 

WISEMAN, H. G., plant pigments as a marker in 
digestion trials, 582*; sodium metabisulfite as 
a silage conditioner, 602; comparisons of stored 
silages, 1190 

WISEMAN, R., androgenic substances in bull urine, 
587* 

Woop, K. R., redispersion of spray-dried whole 
milk, 565* 

Woop, W. A., proteolytic activity of B. linens, 
562°; proteolytic enzymes from B. linens, 1124 

WRENN, T. R., substances in ovarian follicles, 
587*;  stilbestrol induced lactation, 1089; re- 
sponse of hormonally induced mammary tissue 
to anterior pituitary hormones, 1313 


| F. B., resronse of calves to milk replace- 
ments, 600* 


Z ALETEL, J. H., lipid requirements of calves, 
591*; plasma lipids of calves, 832 

ZEHNER, C. F., stanchion and loose housing barns, 
281 

Zweie, G., sulfhydryl groups in milk, 427 


| 
| 
1 
4 


SUBJECT INDEX OF ABSTRACTS 


Accumartization, to low oxygen tension, 
A132 
Acetone bodies, estimation of, All 
Adhesive, from whey, A33 
Adhesives, for packaging milk products, AS 
Air conditioning, in a dairy plant, A143 
Air distribution, trends in, A87 
Albumin (bovine), fluorescein-conjugated, physical 
and biochemical properties of, A102 
Alfalfa, 
effect of heat blanching on, A125 
Kansas, zine content of, A104 
Alfalfa wax, constituents of, A75 
Algin stabilizers, in chocolate mixes, A148 
Animal fountain, A7 
Animal restraining device, A148 
Animalin, with vitamin D, fed to cattle, A153 
Amino acid decarboxylases, occurrence within 
genus Lactobacillus 
Amino acids, 
content of dialyzed enzymatic casein hydroly- 
zate, A86 
excess, effect on growth of lactobacilli, A139 
free, in seruin of infants after feeding homoge- 
nized and nonhomogenized milk, A108 
in casein, carbonate and fatty acids as pre- 
cursors of, A153 
rate of liberation and hydrolysis of, during pan- 
creatic digestion of casein (I and IT), Al21 
Amino compounds and sugars, chemical interac- 
tions of, A73 
Ammoniated by-products, for animal feeds, A89; 
A145 
Anthrax, in the United States, A135 
Antibiotics, 
in lactic acid starter cultures, A100 
in milk, microbiological detection and titration 
of, A100 
Apparatus, 
for heating fluids, A74 
for stripping food products from a spur plate, 
A34 


Ascorbic acid, in tocopherol-enriched milk, All 


Bascocx TEST, 
modified, for half-and-half, A42 
modified method, A130 
variations in reading of, A130 
Bacteria, 
adaptation against quaternaries, Al7 
butyric acid, inhibition by lactic streptococci, 
A52 
coliform, 
determination by membrane filter method, A53 
rapid estimation methods for, A99 
method for staining, A100 
spotter, new, A139 
thermodurie, 
in Duteh raw milk, A17 
influence of milk cooling on, A31 


methylene blue reduction and colony count of, 


A3l 
seasonal incidence of, A31 
thiamine-synthesizing, isolated from cow stom- 
ach, A139 
Bacterial content, of farm equipment, determina- 
tion of, Al2 


Bacterial cultures, preservation under paraffin oil, 
A100 
Bacterial nitrate reduction, for hygienic 
vision of ice cream, A150 
Bacterial plate counts, of raw milk, effects of anti- 
biotics on, A118 
Bacterial viability counts, procedure for and _ its 
biophysical applications, AS3 
Bacteriology, dairy, recent research in, A31 
Bacteriophage, 
cause of starter failure, A&83 
‘*nascent’’ phenomenon, A72 
Bacteriostatie solution, A31 
Bag dispensing apparatus, A55 
Barn cleaner, A36; A89; A127 
Biacetyl, formation in cream, butter, and cheese, 
Biotin, 
A139 
Blood, 
composition during lactation related to nutri- 
tional levels, A132 
group specifie substances, in bovine erythrocytes, 
A153 
minerals, of lambs fed alfalfa hay, levels and 
retention of, Al44 
volume and distribution, significance in regu- 
lating circulation of, A132 
Book reviews, 
Advances in Enzymology, Vol. 14, A95 
Advances in Veterinary Science, Vol. I, A¥5 
Commercial and Industrial Refrigeration, A51 
Dairy Engineering, 2nd ed., A51 
Detergents—What They Are and What 
Do, A29 
Handbook for the Etiology, Diagnosis, and Con- 
trol of Infectious Bovine Mastitis, A30 
Refrigerating Data Book, applications vol., 4th 
ed., A41 
Sanitary Milk Control and Its Relation to the 
Sanitary, Nutritive and Other Qualities of 
Milk, A113 
Standard Methods for the Examination of Dairy 
Products. Proposed changes for 10th ed., Al 
Techniques of Dairy Plant Testing, A29 
Bottle, 
cream top, A108 
holder and carrier, A124 
washing machine, A5 
Bottles, paper, 
machine for dating and applying closures to, 
A87 
made and filled link-fashion, A141 
Bovine ‘‘stomachs,’’ capacity of, All 
Browse, on Montana winter ranges, nutritive value 
of, A125 
Brucella, 
evaluation of dye and biochemica. and serologi- 
cal tests for, A139 
in milk, action of hydrogen peroxide on, A73 
Brucella abortus, 2308, heat inactivation rate in 
milk, A83 
Brucellosis, in rural Indiana, serology of, A135 
Brushes, for dairy plants, A154 
Bulk handling, of milk, A65; A92; A141; 
Bulk tank, farm, measuring device for, A147 


super- 


action on propionie acid fermentation, 


They 


A142 


A157 


A158 SUBJECT INDEX OF ABSTRACTS 


Bulls, serum protein-bound iodine and metabolic 
rates in, A59 
Business management, A44 
Butter, 
aromatic, manufacture of, Al5 
cold-stored, inhibition of oxidative defects in, 
Al5 
(and milk fat) coneentrate system, A51 
(and margarine) consumption of, in Belgium, 
A96 
Danish, chemical and physical characteristics of, 
A8l 
durable, All4 
fishy taste in, A81; A96 
graded, production of, in Switzerland, A136 
induction period as index of stability of, AX1 
mechanism of formation of, A71 
method of modifying, A2 
method of tempering, A2 
Mexican, composition of, AS82 
mold on, A2 
natural, A136 
New Zealand, vitamin A potency of, A71 
prepared by Meleshin method, properties of, 
All4 
protein and fat hydrolysis by a Rhodotorula in, 
A84 
skunkweed flavor in cream and, A96 
stability of vitamin A and carotene in, ASL 
stable, preparation of, A71 
tank cooling vs. plate cooling of cream in manu- 
facture of, All4 
Vologda, technology of, All4+ 
working under vacuum, A96 
Butter bars, transferring device for, AG+ 
Butter color, annatto, coloring material in, A136 
Butter dispenser, vertical feed, A2 
Butter formation, kinetics of, A114 
Butter industry, moisture-meters used in the oil 
and, All4 
Butter pats, device for making, All+4 
Butterfat, 
adulteration, indicator substances for detection 
of hydrogenated oil used for, Al41 
branched chain fatty acids in, A4 
effect of dietary rapeseed and soybean oil on 
properties of, All4 
future of, A56 
in milk, BDI detergent test for, AS4 
irradiation of, with high-energy electrons, A32 
method for separating, A2 
multi-branched Cw saturated fatty acid in, A+ 
nutritive value of, compared with vegetable fat 
(I, Il, 111), A131 
oxidation, thiobarbituric acid test for, A121 
tests, comparison of Sehain and Babcock meth- 
ods for, Al01 
variations in unsaturated acids of, A73 
Buttermaking, 
continuous, process and apparatus for, All4 
use of yeast culture in, All4 
Buttermaking machine, continuous, A51 
Buttermilk, 
eultured, and starters, A68 
good, A150 
spray dried, A137 
Buttereil process, A51_ 


endogenous fecal, isotope methods for determina- 
tion of, A109; A143 
fertilization of soil, associated with digestibility 
of nitrcgen, A152 
salts and rennet coaguiation of milk, A140 
Calf, 
eare, Al47 
fecal nitrogen exeretion and easein digestibility, 
AAT 
puller, A148 
weaner, electric, A45 
Calves, 
antibioties for, A145 
aureomycin and bacitracin feed supplements for, 
Al44 
mineral metabolism in, A152 
nonfat milk for nutrition of, A78 
pathology of hypovitaminosis A in, A136 
penicillin in milk replacements for, A125 
suckling, container for feeding, A8 
terramyein supplement for, A47; A58 
vaccination of, with Br. abortus 19, postvaecina- 
tion responses of, A135 
vitamin supplements for, A144 
Can cooker, A74 
Can cover inserting device, A112 
Can piereing device, A3 
Can straightener, A6 
Can washer selection, A112 
Can washing, low temperature for, A27 
Canning process, AS6 
Carbohydrates, dietary, utilization by ruminants 
of, A152 
Carbon dioxide, effect of, on bacterial decarboxy- 
lase, A72 
Carboxymethyleellulose, report on, A32 
Carotene, 
in alfalfa, rapid determination of, A32 
vitamin A and, in milk, effect of thyroxine and 
thiouracil on, Al0 
vitamin A and, metabolism in goats, eect of 
thyroxine, thiouracil, and stilbestrol on, A10 
Carotene concentrates, preparation from dehy- 
drated alfalfa meal, A57 
Carotenoids, in organs of animals, A109; A153 
Cartons, king size, Al24 
Case-handling, automatic, A103 
Casein, 
edible, production method for, A117 
from deterivrated skimmilk powder, A138 
gamma, amino acids in, A73 
heterogeneity and rennet coagulation of, A102 
heterogeneity of, A122 
in milk, gravimetric and colorimetric determina- 
tion of, A122 
isolation of phosphothreonine from, A18; A102 
method of producing, A16 
precursors of amino acids in, A26 
protective factors of, A93 
reactions of D-galactose and related materials 
with, A102 
Casein adhesives, viscosity-stable, A5 
Casein flocculation, influence of dyes on, A122 
Casein-lactalbumin coprecipitate, A30 
Casein-lactic acid composition, A82 
Casein level, dietary, influence of, on tumor indue- 
ticn with 2-acetylaminofluorene, A93 
Caseins, a and §, terminal amino groups of, A73 


‘ 


SUBJECT INDEX OF ABSTRACTS A159 


Cattle, 
ealeium and phosphorus metabolism of, A132 
johnin tests in, Aé1 
oceurrence of first estrus after calving, A59 
protective value of Huddleson’s mucoid and 
Strain 19 vaccines in, Al3 
reproduction and lactation in, A131 
response to Brucella, following sexual stimula- 
tion, Al4 
shock-imparting device for, A37 
vaecinated, response of to Br. abortus exposure, 
Al 
water retention in, A78 
Cattle feed, 
conveying and dispensing apparatus for, A7 
estimation of productive values of, A146 
Cattle grubs, destruction of, A61 
Cattle lice, control by clipping, A61 
Cattle rations, A146 
Cell counts, of milk from healthy cows, A150 
Cell genetics, hereditary symbiosis and, Al04 
Cellulose digestion, influence of high salt intake 
on, A152 
Centrifugal tester, A42 
Cervical secretions, relation of physiological con- 
ditions to flow properties of, A132 
Cheatgrass, crested wheatgrass and, nutritive value 
of, A125 
Cheese, 
adhesive power of curd particles in, A115 
antituberculous bacteriolytie factors from, A15 
Camembert type, variations in composition of, 
A137 
Cheddar, 
fruity flavor in, All4 
proper finish for, A?6 
sampling for analyses, A116 
short-time method for manufacture of, A115 
study of, A82 
tyramine production by lactic acid bacteria in 
relation to flavor of, A116 
chromatography of free amino acids in, A85 
cottage, 
creamed, preparation of sample with Waring 
blendor, A116 
frozen, effect cf hexametaphosphate on flavor 
and texture of, A115 
high quality in, AS2 
using concentrated dairy products in manu- 
facture of, 
cream and Neufchatel, manufacture of, AS2 
Damietta, salt as inhibitor of gas in, A137 
Edam, ripening after packaging, A97 
Edam type, ripening phenomena in, A52 
effeet of nitrite and nitrate on butyric acid 
fermentation in, A84 
food poisonings from, A3 
Herrgard, and silage quality, A15 
inhibition of butyric acid fermentation in, A52 
modifications of fats during ripening of, A116 
package for, A64 
process, ‘arkening of foil in, A116 


process American, determination of moisture in, 


A116 
Saint-Paulin, manufacture of, A137 
semi-hard, mold in, composition of, A15 
soft, surface-cured, A116 

manufacture of, A82 
standardizing calculations for, A96 
whey type, determination of fat in, A97 


Cheese bandage, A16 
Cheese curd, 
mixing kettle for, A115 
washed, influence of starters on, A71 
Cheese factories, use of ultraviolet light in, A41 
Cheese knife, A97 
Cheese making, 
apparatus, A136 
early history of, A137 
effect of antibiotics in milk on, AS2 
with Elae acidified milk, A137 
Cheese-milk fat food product, A16 
Cheese mite infestation, A30 
Cheese mold, Al6 
Cheese molds, divider for, A42 
Cheese morsels, protectively coated, A115 
Cheese press, A97 
Cheese rind, prevention of mold on, A116 
Cheese ripening, 
role of fungi in, A71 
taste and aroma aspects of, A82 
Cheese slicing, 
device, Al6 
utensil, A115 
Cheese solids, determined by drying on foil, A120 
Cheese stirrer, A52 
Chlorinated polyphenyls, improvement of lindane 
residues by, A79 
Chlorine, 
bactericidal studies of, A78 
in a new form, A27 
use of, for disinfection of sewage, A78 
Chocolate products, 
determination of fats in, A85; A140 
Cholinesterase activity, of serum of newborn ani- 
mals and colostrum, A94 
Citrie acid in milk, 
determination of, A140 
effect of ultraviolet radiation on, A102 
Clamp, for animals’ tails, A20 
Cleaning equipment, for dairy plants, A154 
Cobalt, 
in feeds, chromatographic determination of, 
A140 
relation to vitamin Biz in milk, A21 
Coearboxylase, aneurin and, in relation to phospha- 
tase in colostrum and milk, A10 
Cod-liver oil, toxicity for calves, A110 
Cold sterilization, facts about, A62 (I IT) 
— effect of caleiferol on constituents of, 
78 
Comestibles, refrigerated, apparatus for making, 
A123 
Condenser water, savings through efficient use of, 
A143 
Condensers, air-cooled vs. wet, A63 
Confection molding, A123 
Confections, 
machine for coating, A74 
making without heat, Al2 
Container, 
method of filling, A123 
single service paper, A39; A76 
washing apparatus for, A40 
wax coated, A34 
Container ease, A34 
Continuous freezers, operation of, A149 
Copper, dithizone-polarographie method for micro- 
determination of, A121. 


A160 SUBJECT INDEX OF ABSTRACTS 


Cottonseed meal, in rations, influence on milk and 
butter quality, A122 
Cow, 
stall structure, A105 
tail clamp, A7 
tail suspender, A105 
Cows, milking, effect of copper in rations of, A57 
Cream, 
pressurized, sample preparation of, A130 
whipped, apparatus for preparing, A151 
Cream and milk, process for treatment of, A2 
Cream can, emptying method, A54 
Cream dispenser, A5; A149; A151 
Cream feathering, 
Cream separator, 
eap and, A108 
power washing, A155 
Cream strainer, Al5 
Cultures, penicillin resistant, preparation of, AS; 
A150 
Cups, for frozen pops, A63 
Curd forking machine, carriage drive mechanism 
for, Al6 


D AIRY farming, 


changes in, Al26 
economic analysis of, A147 
Dairy feeder, A147 
Dairy foods, 
importance of flavor of, A43 
in redueing diets, A93 
Dairy industry, 
answer to Benson’s challenge by, A&88 
changing economic conditions in, Al9 
looking ahead in the, A143 
responsibility of to universities, A44 
Dairy plants, 
economical operation of, A142 
future management of, A20 
operational costs in, A143 
straight-line operation of, A55 
Dairy products, 
improvement by ion exchange, A101 
preparation by Kazakh native methods, A138 
Dairy system, A52 
Dairy trends, in the Midwest, A21 
Dairy trucks, refrigerating with water ice, AS6 
Dairy wastes, 
analysis of septic tank treatment of, A111 
biochemical oxidation of, A94 
determination of lactose in, A94 
sprinkling of, A112 
treatment and disposal of, A94 
Dairying, reduction of labor, steps, and costs in, 
A147 
DDT, 
enzymatic dehydrochlorination by resistant flies, 
factors affecting absorption by flies, A79 
Defrosting, commercial and industrial, A53 
Defrosting tank, for confection molds, A63 
Dehorning device, A105 
Dehydrated foods, chemistry of browning reac- 
tions in, A137 
Delivery frequency, control of, A35 
Dermatosis, in rats fed lactose, A48 
Dessert mix, A26 
Detergents, properties of, A154 
Detergent sanitizers, new developments in, Al2 
Dihydrostreptomycin, dose-serum level relations in 
eattle, A113 


Diluent (semen), addition of penicillin and strep- 
tomycin to, A104 

Disease outbreaks, foodborne, waterborne, and 
others, summary of, A139 

Dispenser, for soft ice cream, AS7 

Dispensing nozzle, A123 

Drink mixing machine, multiple, A21 

Drinking fountain, animal actuated, A90 

Drinking trough, automatic, A105 

Drugs, in animal feeds, A125 


Bec substitute admixture, A46 

Electrophoretic studies, 
of blood proteins of the lactating rabbit, A94 
on milk at the end of lactation, A120; A140 
on modified ovalbumin and casein, A102 

Embryos, bovine, aging of, AG 

Employee response, AA6 

Employees, selection and training of, A385 

Endometrium, bovine, inflammatory response of, 
A89 

Energy metabolism, in cattle, relation of vitamins 
Bi and Bu to, A153 

Epidermis, biochemistry and physiology of, A132 

Equipment, 
improved, reducing maintenance hazards by, A88 
trends in, A&7 

Erythropoiesis, fundamental stimulus for, A110 

Escherichia coli, reactions to penicillin, A100 

Estrogenic substances, in hays, detection of, A145 

Estrogens, effect on metabolism and fattening of 
cattle, A153 

Estrone, effect of red blood cells on, A27 

Evaporator, falling film, A30 

Expense, delivery and selling, A57 

Extraneous materials, in dairy products, report on, 
A133 

Extruder head, Al2: 


Fisr freeze tunnels, A26 
Fat, 
butter and, oxidation number of, All4 
content of milk, variations in, throughout the 
milking process, A129 
determination of, in chana (cheese) by buty- 
rometer, A&6 
emulsion, manufacture of, A30 
foreign, test for, A23; A33; A119 
globules in milk, determination of size distribu- 
tion by Stokes’ law, A101 
hydrolysis, by Pseudomonas genus, A3 
in feeds and milk, A145 
mode of conversion of carbohydrate into, A132 
modified Babcock tests for, A33 
Fatty acids, 
influence of on capillaries, A109 
of milk, dehydrogenation of by microorganisms, 


Feeder pail, nipple-equipped, A147 
Feeding infants, with condensed milk and usual 
milk mixtures, A151 
Flies, 
resistant, synergists for DDT against, A48 
toxicity of furethrin and pyrethrins to, A48 
Floor, construction and, materials for, Al24 
Fluoridation, 


optimum vehicle for, A107 
using milk for, rational approach to, A107 
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Fluorine toxicosis, chronic, development of and 
effect on cattle, 
Fly control, 
in dairy barns, 
on dairy farms, A&80 
with new bait application method, A133 
Fly sprays, 
pyrethrum and allethrin mixtures as, AGS 
space, chlorinated turpentines in, A68 
Fodders, Queensland, nutritiy, value of, A146 
Food, 
decomposition, method of retarding, A31 
dispensing device, A26 
handling implement, A55 
preservation, method of, A31 
sterilization, with high intensity electrons, A62 
Forage, forage-juice concentrates and, growth 
stimulation and inhibition of chicks by, A153 
Forage, range, effects of grazing intensity on 
nutritive value of, A125 
Formol titration, accuracy in estimating total and 
casein nitrogen of milk by, A102 
Fritz machine, in practice, A&81 
Frozen articles, apparatus for separating from 
molds, A8& 
Frozen comestibles, process for manufacture of, 
A92 
Frozen confections, 
apparatus for making, automatic, A34 
apparatus for releasing, A74; A123 
apparatus for removing from spurs, A106 
cake center, method of making, A107 
fruit-containing, A128 
mixing device for, A46 
mold, A63 
on sticks, A8 
package for, A46 
portable dispenser for, Ad55 
variegated, method and apparatus for, A122 
Frozen desserts, 
low fat, composition of, A106 
mixer for, A& 
new additions to, A23 
report on, A128 
test for foreign fats in, A23; A383; A119 
vegetable fats for, A22; A39; A67; A149 
Frozen foods, shipping container for, A64 
Frozen mix-making device, A122 
Functional modernism, in New Zealand, A75 
Future, evaluating the, A20; A43 


Gasrnic motility, of ruminants, action of vera- 
trine and emetine on, A153 

Gerber method, correction of figures found by, A18 

Gerber tubes, apparatus for accurate reading of, 
A18 

Grass proteins, from red clover and orchard grass, 
A146 

Grassland crops, composition and digestibility of, 
A146 


potential, A129 
Hay, 
barn dried, composition of, A146 
early cutting, value of, A103 
Welsh and British, composition and nutritive 
value of, A146 
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Heat exchanger, 
plate, A5; AS87 
plate-type, support for, 
Heat of combustion, of tissues related to compo- 
sition, A132 
Heat processing, nutritive value of milk and, A151 
Heat tolerance, in cattle, respiratory rate as index 
of, A151 
Heifers, wintering in Arkansas, A45 
Holocellulose, beechwood, digestibility of, A146 
Homogenizers, 
as timing pumps on HTST pasteurizers, A33 
grinding tool for valves of, A64 
valve assembly for, A142 
Homogenizing device, A6 
Homogenizing liquids, A34 
HTST systems, integration of homogenizers and 
clarifiers into, A66 
Humidity control, blower coil design for, AG5 
Hydrogen ion concentration adjustment, AS6 
Hypocupremia, in cows, A81 
Hypoglycemia, insulin induced, in cows, A93 
Hypotrichosis, viable genetic, in Guernsey cattle, 
A146 


Ice CREAM, 
advertising, AZ5 
bags, dispensing apparatus for, A55 
balls, mechanism for making, A74 
bars, 
coated, A24 
manufacture of, A55 
blocks, production of, A106 
business, evaluation of, A143 
cake confections, apparatus for, A46 
calcium sulfate in, A38 
carton, tool for, A54 
coliform organisms in, A100; A105 
composition, control of, A90; A106 
cones, dipping apparatus for, A107 
confections, composite, apparatus for 
A128 
coutainers, support for, A92 
costs, trends in, A26 
dispensing machine, A74 
factors affecting quality in, A90 
formulas for diabeties, A46 
freezers, 
continuous, A128 
for household use, A19 
tray type, agitating apparatus for, A47 
with refrigerant control, AS 
freezing tray, agitator for, A106 
home storage of, A39 
increasing fountain sales of, A91] 
interpretation of coliforms in, A106 
machine, A34 
merchandising on retail milk routes, A91 
mix, 
continuous pasteurization of, A22; 
emulsification of, A149 
HTST pasteurization of, A58 
influence of water minerals on whipping qual- 
ity of, A127 
low-fat high-solids, preparation of, A24 
white, clarification of, A22 
molding and packaging apparatus, A46 
new flavors for, A127 
novelties, vending device for, A149 
packaged, effects of moisture loss on, A58 


making, 


A24 


A162 


packaging machine, A46 
plant, 
sanitation in, A25 
time and motion studies in, A65; Al42 
quality, factors affecting, A76 
raisin, A67 
refractometric determination of sugar in, A74 
sales, 
in grocery stores, A37 
in theatres, A128 
sandwich machine, slicing mechanism fer, 
sandwiches, method of making, A106 
scoop, A35; A63; AG6G4; ANZ 
shrinkage, A37 
soft, 
freezers for, A106 
physical layout for manufacture of, 
softening apparatus, A46 
stabilizer, use of gelose in, A389 
use of caleium su!fate in, A149 
use of corn syrup solids in, A37 
vanilla-sweetener relationship in, A3S 
vegetable fat in, A283; A33; A387; A105; A119 
Ice milk, 
bacteriological and chemical study of, 
hardened, preparation of, A23 
soft, 
manufacture of, A91 
protein concentrates in, A91 
Industrial processing, development in, A36 
Infertility, in cattle, A67 
In-place cleaning, converting to, Al24 
Tnseeticides, 
chlorinated hydroearbon, A79 
continuous vaporization of, A48 
development of fly resistance to, A79%; 
insects or, greater hazard of, A78 
new, for fly control in barns, A112 
residual, failure of, All] 
Insulated bags and packages, A103 
Todination, of proteins and their 
method for, A121 


K ETOSIS, 


eause and treatment for, A135 
ruminant, theoretical discussion of, A136 
starvation, in the ruminant, Al10 

Kjeldahl method, rapid modified procedure for, 
A120 

Kurt, hygienic value of, A138 

Kwashiorkor, treatment of with milk and vegetable 
proteins, Al51 

Kymograph, A105 


A55 


AM] 


Alll 


derivatives, 


Lasor costs, cutting, A88 

a-lactalbumin, crystalline, isolation of from milk, 
A53 

B-lactoglobulin, influence of oxygen on irreversible 
denaturation of, A122 

Lactation, 
of ewes and cows, comparison of, A131 
of virgin rabbits after treatment with simple 

substances, A153 

Lactenin, acetone precipitation of constituents of, 
A85 

Lactie acid bacteria, 
biosynthesis of citrovorum factor by, AS3 
tetrazolium reduction by species of, A138 


SUBJECT INDEX OF ABSTRACTS 


Laectie acid, formation in grass-water mixtures, A4 

Lactobacilli, medium for, A73 

** Lactobaceillin,’’ possible identity of with hydro- 
gen peroxide, A3 

Lactobacillus casei, calcium as growth stimulant 
for, A84 

Lactobacillus plantarum, destruction of S. lactis 
antibiotics by, A538 

Lactobacillus plantarum 89, use as riboflavin assay 
organism for dairy products, A99 

Lactometer, usefulness of below 50° F., A130 

Lactose, A&5 
as index of diluting milk, A140 
in milk, estimation by oxidation with KMNQ,, 

Al01 

metabolism, some aspects of, A93 

Lecithin, of milk, effect of freezing on stability of, 

Leptospirosis, vaccination for, A61 

Leuconostoc citrovorum—8081,’’ identity of, A84 

Lines, stainless steel, cleaning in-place of, A94 

Lipase activity, of milk, methods for determina- 
tion of, Al22 

Lipolytic enzymes, of raw skimmilk and separator 
slime, A122 

Liquefied petroleum gas (LPG), as used by Carna- 
tion Co., A103 

Liquid weighing and dispensing vessel, A90 

L-thyroxine, digestibility and rate of passage of 
food during administration of, A94 


Macare, for freezing packaged products, A64 
Mammalian tissues, glycerylphosphorylcholine in, 
A26 
Mammary gland, 
homogenates, phosphokinase and phosphatase ae- 
tivity of, A94 
in lactating rabbit, phospholipin metabolism in, 
Alo 
measurements, by 
racy of, A126 
pyruvate metabolism in, A10 
slices, lactating, intermediary 
AQ4 
Manganese, in feed, effeet on blood minerals on, 
Al 
Marketing margins, on dairy produets, behavior 
of, A88 
Mastitis, 
M. pyogenes infection in, Al4 
sanitation, use of quaternaries and hypochlorites 
in, A6O 
Materials handling methods, A35 
Mechanized feeding device for animals, A147 
Media, 
coliform, use of tergitol-7 tripheny] tetrazolium 
in, A138 
for detection of enterococci in water, A119 
for microbiological assay of riboflavin using L. 
casei, A119 
milk-free, for standard 
products, A118 
V-8, for determining lactobacilli, A98 
Mellorine, report on, 
Membrane filter precedure, for determining coli- 
titer in milk, A98 
Methylene blue test, influence of DDT on, A53 
Methylglyoxal, in milk, isolation and identification 
of, Al41 
Microbacteria, from Iowa dairy products, A100 


method of palpation, accu- 


metabolism of, 


plate count of dairy 
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Micrococci, udder, effect of drugs on, A135 
Microorganisms, 
decomposition of cellulose by, A139 
inhibition of, by raw milk, A72 
lactate utilizing, in the rumen of cattle, A138 
maintaining, A31 
rumen, effect of diet and antibiotics on utiliza- 
tion of nonprotein nitrogen by, A138 
survival of, in dried milk, A72 
Microsomal particles, of normal cow milk, Al21 
Milk, 
acid-regenerated, effect of, on small intestine, 
A93 
amount and fat content of, effect of feeding 
poppy-extract on, A125 
annual requirement for, A150 
antibiotic levels in blood and, AS4 
antibiotics in, Al8S; A130 
buffalo, 
cholesterol content of, A102 
iso-oleie acid in, A140 
bulk tank system of handling, AQ; 
eanned fresh, progress in, A21 
cholesterol content of, A102 
eold, separation, A108 
eoli-titer of, determination of, AS4 
eomposition of, AS6 
concentrated, 
factors affecting quality of, A16 
method of producing, A65; As2 
Navy interests in, A2 
unfrozen, keeping quality of, A150 
condensed, 
lactose crystallization in, A117 
preservation of, A118 
eonstituents of, nonprotein nitrogenous, A102 
eurdling, causes and remedies for, A2] 
dried, 
manufacture of, A137 
removal of chalky flavor of, AS2 
effect of souring on vitamin content of, A9Y 
effect of thyroxine and thiouracil on constituents 
and water soluble vitamins in, Al0 
ethylenediamine tetraacetate titration of caleium 
and magnesium in, A119 
evaporated, 
amino acid losses during storage of, A32 
manufacture of, A54; A137 
floceulated, A130 
fortified multi-vitamin-mineral, A130 
freezer storage of, A76 
freezing and drying of, A3 
freezing point of (sour), A382 
fresh, nutritive value of, A93 
freshness of, estimated by resazurin and methy- 
lene blue tests, A130 
from individual producers, correlation between 
fat and protein content of, A120 
frozen concentrated, A16 
future production of, A7 
goat’s, composition of, A4 
good flavored, program for, Al51 
heat processing of, nutritive value and, A10S 
homcegenized, in Europe, A21 
HTST pasteurized, deterioration of, AYS 
human, 
comparison with cow’s milk, A22; A122 
yield of, proximate principles and inorganic 
constituents of, A74 
in bottles, for babies, A21 
iso-oleic acid in, A140 
laboratory pasteurized, deterioration of, Avs 
lime in, determination of, A117 


A45 


Milk coolers, A21; 


A163 


market, needed improvements in pricing of, A19 
mothers’, detection of modified cows’ milk in, 
A4 
natural, rehydrated and supplemented with vege- 
table fat or, determination of solids in, A122 
nonfat dry, 
packaging of, A97; A98 
plus profits in, A137 
normal, 
colorimetrie determination of 
milk in, A140 
microsomal particles in, A92 
off-flavors in, prevention of, A76 
paper chromatographic investigations of, A86 
pasteurized, high plate counts of, A17 
penicillin in, Al7; A42 
pricing on solids content, A9; 
quality, 
effect of grass silage on, A9 
program for production of, A40 
raw, 
influence of storage temperature on thermo- 
durie count of, A52 
preservation with antibioties, A129 
refractive index of, A102 
relation between fat and protein in, A122 
skim, dried, 
effect of adding amino acids on biological 
value of proteins in, A108 
experimental rat caries and, A151 
in calf rations, A103 
sterage temperature of, in retail stores, A142 
tank handling of, A125 
‘*uperization’’ process, for treatment of, A151 
weighing and handling apparatus, Al9 
whole fresh, canning process for, A30; 
A130 
Milk automat, A92 
Milk-borne diseases, AS1 
Milk bottle case, A108 
Milk bottles, device for carrying, A9 
Milk buckets, rack for, A7 
Milk by-products, in mixed feeds, determination 
of total solids in, A117 
Milk can, 
bucket and, rotary rack for, A7 
conveyor design for, A33 
cover, A6; AG4 
filling of, A90 
hoist, with friction brake, A148 
rack, Al9 
remodeling of, A124 
rest and wiper for, A74 
support for, A36 
Milk cartons, sanitary, A108 
Milk cases, new methods in handling, A75 
Milk collection, costs of, A12: 
Milk constituents, 
acetate as a precursor of, A26; 
carbonate as precursor of, A153 
Milk containers, 
paper, combination pitcher and container for, 
A6 
single or dual operation, of glass and paper, A9 
A43; A105 
ean submerging device for, A147 
thermostatically controlled, A148 
Milk cooling arrangement, A64; A127 
Milk delivery can, outlet for, A384; A35 
Milk diets, vitamin B:: and folie acid in, A151 
Milk dispenser, self-measuring, A123 
Milk distribution costs, ways of lowering, A124 


reconstructed 


A107 


A107; 


A153 


| 
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Al64 


Milk driers, 
automatie liquid regulator for, A6 
foreed draft vacuum stack for, A102 
Milk drinking habits in California, A44 
Milk ejection, 
inhibition of, A59 
response of sows to oxytocin, A77 
Milk fat, 
biosynthesis of, 
Al0 
changes in, as related to flavor of dairy prod- 
uets, A152 
Milk fat adulteration, 
butyrie acid method for detection of, ASS 
presumptive crystallization test for, A121 
Milk-honey produet, dried, A17 
Milk industry, economic aspects of, A142 
Miik line nipple, A43 
Milk losses, in dairy plants, A143 
Milk men, mechanical, A55 
Milk metering device, 
magnetically actuated, A6 
pressure operated, A53 
Milk minerals, flame photometry in determination 
of, Al41 
Milk ordinances, progress toward uniformity in, 
A107 
Milk powder, full cream roller, packing in multi- 
wall paper bags, A97 
Milk preservation, use of hydrogen peroxide for, 
Milk product, 
containing milk fat, A73; A117 
dried, process for producing, 
enhaneed in amino acids and peptides, A117 
process for making, A117 
Milk production, 
composition and, effect of iodized protein on, 
A125 
vitamin A and iodoproteins in relation to, A78 
Milk products, 
apparatus for improving, on the farm, A21 
concentrated, A118 
dry, substances responsible for odor of, A117 
powdered, for bread-making, A118 
regulation of fat in, A47 
stabilized, A47; AS82 
Milk proteins, 
chemistry of, A18 
determination of, 
electrophoretic studies on, 
enzymatic studies of, ASS 
stability of nutrient value of, All 
volumetric determination of, A140 
Milk pump, A18 
Milk releaser, A34; 
Milk samples, 
freezing point, lactose, and chlorides in, A140 
potassium dichromate and boric acid as preserva- 
tives for, A85 
Milk sampling device, A33 
Milk sanitation, honor roll, for 1950-52, A9; 
1951-52, 
Milk secretion, action of iodoproteins on, Ai52 
Milk solids, 
biochemical behavior of wheat-flour doughs sup- 
plemented with, A122 
determination by use of lactodensimeter, A101 
nonfat dry, 
determination of ash in, A121 
selection of, for use in buttermilk, A130 
quantitative estimation of, by oxidimetry, A101 
Milk stains, comparative test with, A3 
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Milk supply, utilization and, in Mississippi, A92 
Milk trucks, 
mechanical refrigeration of, A56 
tank type, A7 
Milk utensils, sterilization of, ASO 
Mlk utilization, by young animals, A153 
Milk vending, A43 
Milking apparatus, 
heated, A34 
support for, A7 
Milking barn, A8 
Milking machine, 
automatic, milk transfer unit for, A45 
bacteria, in rubber parts of, AQ4 
claw for, A126 
cleaner, A40 
conduit connection for, A147 
control mechanism for, A7; 
inflation for, A386 
releaser assembly for, 
stripping wit’ A36 
suspended, A7; A8 
teat cup assembly, A7 
vacuum regulator for, 
valve, AS7; A90 
assembly, for feeder 
construction, A103 
delayed-action pulsator, A453 
dispensing, for liquid and gas containers, A9 
tloat-controlled, 
flow diversion, A54 
homogenizer, grinding tool for, A64+ 
lift plug, A5; A42 
rotary plug, seal for, A5 
structure for semisolids, AG4 
washing of, apparatus for, A134 
Milking ointments, quaternary ammonium 
pounds in, A140 
Milking, prepartum, effect on composition of milk 
secretions, A77 
Milking process, 
handling under vacuum, Al0 
role in intraherd transmission of Q fever, Al4 
Milking structure, A7 
Minerals, for cattle, AS9 
Mold, on cheese rind, prevention of, A136 
Mold freezing apparatus, AS 
Molybdenum poisoning of cattle, A115 
Mosquitoes, control of with various insecticides, 
ASO 
Mucopreteins, of human and cow’s milk, A140 
Mycobacteria, lactate-oxidizing systems in, A73 


Ago 


AS4+ 


A6 


pail, A46 


com- 


N arveat GAS, as blowfly attractant, A79 

Nerve control, of rumination and reticulo-ruminal 
motility, A152 

Nitrates, in human milk, 

Nitro reduction test, in nygienice supervision of ice 
eream, A150 
Nitrogen, value 
milk, A62 

Novelties, 
efficiency in produetion of, A26 
manufacture of, A25 
stick dispensing machine for, A106 
stick holding device for, A47 

Nutrition, 
advanees in, A93 
of animals and_ plants, 

molybdenum in, A110 

Nutritional research, dairy industry and, A131 

Nutritional status, biochemical evidence of, A110 


for stabilizing ascorbie seid in 


cobalt, copper, and 
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TEREBINTHINAE,  pharmacolegieal 
action of, on the uterus of cattle, A132 

Omasum, of cows, bicarbonate and chloride in, 
A132 

Operating costs, cutting, A66 

Operating ratios, A75 

Opinions and facts, A25 

Orange drink, use of to increase profits, A75 

Ovulation, in the calf, hormone control of, A+ 


Package, 


coffee cream, A385 
combination, AS 
insulated, A24+ 
Paint, fungicidal, ASS 
Paper container holder, A64 
Parabiosis, A59 
Parturition, mineral balances at, related to paresis, 
Al31 
Pasteurization, HTST, 
of ice cream mix, Al28; A149 
measuring holding time in, A6S8 
thermal effectiveness of, A107; 
Pasteurizer, 
A.P.V. short-time, tests on, A9 
milk, A385; A123 
plate type, A384; AS7 
vacuum cooler for, A103 
Peanut cake, in nutrition of milk cow, A125 
Penicillin, 
content of milk, relation between lactobacilli 
after penicillin injection and, A130 
in feeds, microbiological assay of, A119 
in milk, effect on dye-reduction tests, A100; 
A129 
Phosphatase, 
alkaline, in vaginal mucus of cows, A152 
factors affecting determination of, A18 
phosphorylated esters in milk and, 
mastitis on, All 
test, filter papers and, A140 
Phosphomoncesterase acid, of milks, A85; 
Phosphorus, skeletal, mobility in mature 
cow, A110 
Phosphorus nutrition, in relation to fertility of 
eattle, A94 
Pigmentation, of latex paints, A66 
Pipe washing equipment, brush for, A49 
Pipelines, 
in dairy plants, labor for take-down and in-place 
cleaning, A43 


A150 


effect of 


A122 
dairy 


in-place cleaning of, Al2; A49; AGO; A133; 
Al54 
Plant, dairy, 
efficiency of, Al9; AG6; A142 
expansion of, AG65 
floors in, A5; A33 
layout and design of, A66; A69 


profit sharing in, A44 
Plant pigments, in digestion trials, Al44 
Plasteins, from casein preparations, AS6 
Potato, as feed for animals, A125 
Pregnancy, tests for, in animals, Al04 
Progesterone, for replacement therapy during preg- 
nancy, Al4 
Protein filaments, 
formaldehyde and uranyl] salt treatment of, Ad 
thioformaldehyde and mereuric chloride treat- 
ment of, Ad 
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Prothrombin, human and bovine, properties of, ASS 
Pump, 

sanitary, A74; A102 

steam, A86 


ammonium compounds, 
bactericidal properties of, A40 
bacteriological evaluation of, A118 


Rapeszep oilmeal, growth depressing factors 
in, A124 
Receiving room, efficiency in, A66 
Receptacle filler, A42; A54; A123 
Records, of dairy cows, interpretation of, A77 
Reducing substances, in cervical mucus of cows, 
A153 
Reductase, of cow milk treated with 
waves, Al21 
Refrigeration system, 
eare of, Al4] 
evaporator for, 45 
frost difficulties in, A141 
principles of design of, A151 
Rennet, 
action of, A41 
determining titer of, A82 
Rennin, phosphatase activity of, A&86 
Replacement therapy, with progesterone, A152 
Roughage, quality of, related to milk production, 
Al04 
Route, delivery, efficiency of, A24; 
Rumen, 
bacteria, 
stimulating growth of, A58 
synthesis of lysine by, All 
bacterial fractions, encapsulation in, A57 
evaluation of cellulolytic microbial activity of, 
A118 
methane fermentation in, All 
organisms, A84 
proteins, amino acid content of, A47 
sheep, culture of protozoa from, A4 
synthesis, of B-vitamins in, A48; A108 
tuminal digestion, 
depression by aureomycin, A39 
of protein, role of ammonia in, All 


ultrasonie 


A35; A57; 


S anrrary standards, for dairy equipment, 
progress in, Al54 
Sanitation, 
bacteriology of, A154 
chemistry of, progress in, A153 
Sanitizing agents, for dairy use, A110 
Seal, for food processing equipment, A123 
Seaweed meal, for lactating cows, A67 
Sediment tester ‘:ead, A40 
Sediment tests, in milk and cream, A133 
Selling, profit margins in, A36 
Semen, 
determination of glucose in, A153 
electrophoretic study of, A132 
preservation at —79° C., A6 
Separator, centrifugal, A54 
power washing, A60 
seal for, A123 
Serum, 
albumin, heated, toxicity of, A153 
proteins, in tuberculous cows, A153 


A166 


Sherbet, 
apple, A38 
consumer study of, A38 
corn syrup solids in, A23 
tangerine, A24 
Shrinkage, in ice cream, A105; 
Silage, 
analysis of, A103 
feed value of, Al04; 
grass, A89; A125 
packaged, A147 
pit type, composition of, A125 
sulfur-dioxide, effect on vitamin 
ruminants, A58 
trenched, nutrient losses and feeding value of, 
A125 
whey in, use of, AS82 
Silica, in feeds, determination of, A104 
Sires, dairy, predicting transmitting ability of, 
A146 
Soybean proteins, purified, 
rats fed, A110 
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